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Semiconductor chip stack and method for manufacturing the same 



(57) A semiconductor chip having a plurality of de- 
vice formative layers that are formed into an integrated 
thin film is provided by a technique for transferring. Ac- 
cording to the present Invention, a semiconductor chip 
that is formed Into a thlr\filrn and that is highly integrated 
can be manufactured by transferring a device formative 



layer (501) with a thickness of at most 50um which is 
separated from a substrate (322) into another substrate 
by a technique for transferring, and transferring another 
device formative layer with a th ickness of at most 50um 
which is separated from another substrate to the above 
device formative layers, and, repeating such transfer- 
ring process. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present Invention relates to a semiconduc- 
tor chip and a manufacturing method lor the semicon- 
ductor chip manufactured by stacking a plurality of de- 
vice formative layers which includes a semiconductor 
apparatus, a display apparatus, and a light-emitting ap- 
paratus each of which is composed of a plurality of thin 
film transistors (hereinafter, TFTs) over a substrate. The 
above described semiconductor apparatus includes a 
CPU, (Central Processing unit), an MPU (Micro Proc- 
essor Unit), a memory, a microcomputer, and an Image 
processor. The above described display apparatus in- 
cludes a liquid crystal display apparatus, PDP (Plasma 
Display Panel), FED (Field Emission Display), or the 
like. The above described light-emitting apparatus in- 
cludes an electroluminescent apparatus or the like. 

2. Related Art 

[0002] In recent yoats, a technique for fabricating a 
TFT using e semiconductor thin film (having athieknees 
of from approximately several to several hundreds nm) 
fabricated over a substrate having an Insulating surface 
has been attracted attention. A TFT is widely utilized for 
an electronic device such as an IC, an optical device, or 
the like. 

[0003) However, there has been a problem that a re- 
quirement for a substrate that is used while forming a 
TFT and a requirement for a substrate that is used after 
forming a TFT are not same. 

[0004] For Instance, as a substrate for forming a TFT, 
a glass substrate or a quartz substrate is widely used 
now since these substrates have high heat-resistance 
so that they can be used when the process temperature 
is high, however, these substrates have some disadvan- 
tages such as being fragile and heavy. 
[0005] On the other hand, a flexible substrate such as 
a plastic film, although ft cannot be used in the process 
at a high temperature for Its low heat- resistance, has 
advantages such, as hardy being cracked and being 
lightweight. However, a TFT formed In the process at a 
low temperature cannot obtain greater electric charac- 
teristics than that formed over a glass substrate or a 
quartz substrate. 

[0006] As a technique that utilizes merits of using 
these both substrates, a technique for fabricating a thin 
film device over a glass substrate or a quartz substrate, 
end separating the thin film device (separated body) 
from the substrate, and then transferring to a transferred 
body such as a plastic substrate, etc are disclosed. (For 
example. Japanese LaW-Opan Patent Application No. 
10-125929.) 

[0007] According to this, a thin film device can be 



formed over various substrates no matter what process 
the thin film device went through by using trre technique 
for separating and transferring the thin film device to an- 
Dmer substiate. 

5 [0008] In the field of LSI, various ways for manufac- 
rurina ?i ^h-integrated semiconductor apparatus has 
ueen proposed, for example, a technique for packaging 
a semiconductor device in th ree dimensions by stacking 
a plurality of chips is known, (For example, Japanese 

10 l aid-Open Patent Application No. 6-244360) 

[0009] However, a stacked semiconductor chip is ex- 
pected to be formed into a further thinner film In realizing 
to high performance, its high operation, and its minia- 
turization since there Is a technical limit in forming the 

'5 semiconductor chip Into a thin film- 

aUMMARY OF THE INVENTION 

molO] In view of the roregoing, it Is an object of the 
20 present invention to provide a semiconductor apparatus 
in which a plurality of device formative layers formed into 
a thin film over a substrate (including a semiconductor 
apparatus (a CPU, an MPU, a memory, a microcomput- 
er, an image processor, orthe Hke) , a display apparatus 
2$ (a liquid crystal display apparatus, a POP, a FED, or the 
ilka), or a light-emitting apparatus) are Integrated. 
[0011] A further object of the present invention is to 
iorm a structure that prevents each device from deteri- 
orating due to accumulated heat generated in each de- 
30 vice formative layer In case of integrating a plurality of 
device formative layers over a substrate. 
[0012] According to the present Invention, a semlcon* 
duotor chip that ts higher integrated and that is formed 
rnto a thinner film compared with the conventional sem- 
;ts iconductor chip packaged In three dimensions can be 
realized by transferring a device formative layer with a 
thickness of at most 50um which is separated from a 
substrate to another substrate by using a technique for 
.ranalerring. and transferring another device formative 
&n layer with a thickness at most SOpm which is separated 
from another substrate to the above device formative 
layer, and repeating such transferring process. 
[0013] In the present invention, a substrate Is charac- 
terized by being formed of a thermal conductive material 
45 mat can radiate heat effectively m consideration of the 
fact that a device formative layer serving as a trans- 
ferred body has a thickness of at most SOum and a de- 
vice is easily deteriorated due to heat generated In the 
device formative layer. In addition, a thermal conductive 
50 thin film is preferably fabricated over the surface of a 
transferred body (over the transferred device formative 
Jaycj ) :n case of transferring another device formative 
iay^ to the transferred device formative layer. 
[0014) As used herein, the term thermal conductive 
ss substrate" refers to a substrate formed of a ceramic ma- 
terial containing aluminum oxide (alumina), aluminum 
nitride, aluminum nitride oxide. sMeon nitride, or the like 
as its main components, and a graphite material con- 
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raining carbon as rts main components. As used herein, 
the term thermal conductive thin tarn* refers to a thin 
fOm of aluminum nitride (AfN), aluminum nitride oxide 
(AIN x O Y (X>Y), boron phosphide (BP), or diamond like 
carbon (DLC: Diamond Like Carbon), or a lamination 
film or the like of these films. 

[0015] The lamination structure according to the 
present invention, with respect to the electric intercon- 
nection In a lateral direction, is characterized by the flip 
chip structure in which wirings (auxiliary wirings) are 
formed Into each device formative layer In advance, and 
the wirings are connected electrically to the wirings In 
the other device formative layer when these device 
formative layers are stacked and bonded each other in 
a lateral direction, in addition to a wrre bonding structure 
In which terminals provided in a part of each layer are 
connected each other by connection wires. 
[0016] A method for separating or transferring used 
in the present invention is not especially limited. For ex- 
ample as the method for separating or transferring, a 
metal layer (or a metal nitride layer) Is fabricated over a 
substrate, a metal oxide layer is fabricated thereon, and 
on oxide layer is fabricated in contact with the metal ox- 
ide layer, and then, a device Is formed over the oxide 
layer, subsequently, the device is separated from the 
substrate by splltting-off the metal oxide layer or an In- 
terface between the metal oxide layerand another layer. 
In addition, tn order to improving the way of separating, 
a heat treatment or a laser light irradiation may be car- 
ried out Or it is possible that a film containing hydrogen 
Is fabricated over the oxide layer and a heat treatment 
is carried out on the resulted film to crystatfee metal ox- 
ides. Further, a stress peel-otf method may be adopted 
by which a film is separated utilizing membrane stress 
between two layers. 

[0017] In addition, a method for separating by which 
a device formative layer and a substrate are separated 
by means of fabricating a layer for separating between 
the device formative layer and the substrate and remov- 
ing the resulted layer by etchant can be adopted. Fur* 
ther, a method for separating by which a device forma- 
tive layer and a substrate are separated by means of 
fabricating an amorphous silicon layer (or a polysliicon 
layer) between the device formative layer and the sub- 
strate and by Irradiating laser light to the resulted amor- 
phous silicon layer through the substrate can also be 
adopted. 

[0016] The constitution according to the present in- 
vention Is a semiconductor chip having a structure in 
which a plurality of device formative layers having thfck- 
n esses of at most 50um Is fabricated over a substrate 
having thermal conductivity. 

[0019] A semiconductor chip having a plurality of de- 
vices formative layers with thicknesses of at most 50fun 
over a thermal conductive substrate, comprising: 

a first device formative layer with a thickness of at 
most 50pm fabricated over the thermal conductive 



substrate via a first adhesive layers 
a thermal conductrve film fabricated in contact with 
the first device formative layer; and 
a second device formative layer with a thickness of 
5 at most SO^m fabricated over the thermal conduc- 
tive film via a second adhesive layer. 

[0020] The device formative layer (the first device 
formative layer and the second device formative layer) 
to in the above constitution Is preferably has a thickness 
of from 0.1 tolOujm. 

[0021] In the above constitution, a semiconductor de- 
vice included in the first device formative layer and a 
semiconductor device Included In the second device 
'5 formative layer are electrically connected each other via 
connection wires by wirings included in the first device 
formative layer and wirings Included In the second de- 
vice formative layer 

[0022] In another constitution, a semiconductor de- 
*0 vice included in the first device formative layer and a 
semiconductor device included in the second device 
formative layer are electrically connected each other via 
the first and second adhesive layers containing an ani- 
sotropic conductive material by connection wires con- 
nected to each wirings included in the first device form- 
ative layerand wirings Included In the second formative 
layer. 

[0023] As an anisotropic conductive material, metallic 
particles such as Ag, Au, Al, or the like coaled with m- 

$o sulating films and having a unidirectional conductivity 
can be used. In case of using anisotropic conductive 
materials for bonding the first and second device form- 
ative layers, It is preferably to irradiate the device form- 
ative layers with ultra waves to strengthen their adhe- 

35 efveness. 

[0024] In the present invention, me device formative 
layer is not limited to have one layer The number of the 
device formative layer can be Increased by stacking se- 
quentially a film having thermal conductivity and a de- 
<o vice formative layer as in the case with the second de- 
vice formative layer. 

[0025] The device formative layer Includes TFTs, a 
semiconductor apparatus formed by combining these 
TFTs (a CPU, an MPU, a memory, a microcomputer, an 
«* Image processor, or the Hke), a display apparatus <a liq- 
uid crystal display apparatus, a POP, a FED, or the like), 
or a light-emitting apparatus, 

[0026] The constitution of the present invention is a 
method for manufacturing a semiconductor chip having 

*0 a plurality of device formative layers with thicknesses of 
at most SOusn over a thermal conductrve substrate for 
obtaining a semlco nductor chip that is Integrated without 
increasing the area by stacking sequentially device 
formative layers with thicknesses of at most BOum over 

ss a thermal conductive substrate, comprising the steps of: 

fabricating a first device formative layer Including a 
plurality of thin film transistors over a first substrate; 
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fabricating a soluble organic resin film over the first 
device formative layer: 

fabricating a first adhesive layer In contact with the 
first soluble organic resin film; 
bonding the second substrate to the first soluble or- 
ganic resin film via the first adhesive layer, and 
sandwiching the first device formative layer and th e 
first soluble organic resin film between the first sub- 
strate and the second substrate; 
separating and removing the first substrate from the 
first device formative layer by a physical means; 
fabricating a second adhesive layer in contact with 
the thermal conductive substrate; 
bonding an exposed surface of the first device form- 
ative layer to the thermal conductive substrate via 
the second adhesive layer; 
separating the first adhesive layer and the second 
substrate from the first device formative layer; 
removing the first soluble organic resin film with sol- 
vent; 

fabricating a thin film having thermal conductivity 
ever an exposed surface; 

fabricating a second device formative layer includ- 
ing a plurality of thin film transistors over a thrrd sub- 
strata; 

fabricating a second soluble organic resin film over 
the second device formative layer; 
fabricating a third adhesive layer in contact with the 
second soluble organic resin film; 
bonding the fourth substrate to the second soluble 
organic resin film via the third adhesive layer, and 
sandwiching the second device formative layer and 
the second soluble organic resin film between the 
third substrate and the fourth substrate; 
separating and removing the third substrate from 
the second device formative layer by a physical 
means; 

fabricating a fourth adhesive layer In contact with a 
thin film having thermal conductivity: and 
an exposed surface of the second device formative 
layer over the thin film having thermal conductivity 
via the fourth adhesive layer. 

[0027] in the above constitution, the thin film having 
thermal conductivity ts formed of a film of aluminum ni- 
tride, aluminum nitride oxide, boron phosphide, boron 
nitride, or diamond like carbon, or a lamination film of 
these films, each of which is formed by sputtering. 
[0028] Further, in the above constitution, either or 
both of the second adhesive layer and the fourth adhe- 
sive layer are fabricated by using an anisotropic adhe- 
sive, and the device formative layer is bonded via either 
or both of the second adhesive layer and the fourth ad- 
hesive layer by being irradiated with ultra waves. 
[0029] In the above each constitution, the constitution 
in which a metal layer, a metal oxide layer, and an oxide 
layer are fabricated sequentially over a first substrate 
and a third substrate to form a metal oxide having a crys- 



tal structure within the metal oxide layer for separating 
and removing the first easily substrate and the third sub- 
strate by a physical means of splitling-off the metal oxide 
layer is included. Further, the constitution in which the 
5 metal oxide layer having a crystal structure is fabricated 
by fabricating a film containing hydrogen (a silicon ni- 
tride film, a silicon nitride oxide film, an amorphous $en> 
iconductorf llm, or the like) over the oxide layer and heat- 
treating the resulted film for dispersing hydrogen is In- 
to eluded In the above each constitution. 

[0030] For separating easily the first substrate or the 
third substrate, reinforcing substrates can be bonded to 
each the first substrate or the third substrate via adhe- 
sive layers. The reinforcing substrate can be separated 
1 5 together with the first substrate or the third substrate. 
(0031 1 According to the present invention, a semicon- 
ductor chip can be formed into a thinner film and a higher 
Integrated semiconductorchtp by stacking a plurality of 
device formative layers with thicknesses of at most 
so 50jim over a thermal conductive film by a technique for 
transferring compared with the case of packaging the 
device formative layers in three dimension. The prob- 
lems arisen in case of stacking a plurality of thin device 
formative layers that the heat accumulation and the de- 
?5 terf oration of a device due to the accumulated heat can 
be prevented by Interposing thermal conductive layers 
between the laminated device formative layers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Figs. 1 A to 1 C are explanatory views of the structure 
of a semiconductor chip according to the present 
invention; 

Figs. 2A to 2C are explanatory views of the structu re 
of a semiconductor chip according to the present 
invention; 

Figs. 3A to 3C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present Invention; 

Figs. 4A to 4C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 

Figs. 5A to 5C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present Invention; 

Figs. 6A to 6C are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 

Figs. 7A to 7C ana explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 

Figs. BA to OC are explanatory views of a method 
for manufacturing a semiconductor chip according 
to the present invention; 

Fl^. 9 A and 9B are explanatory views of the struc- 
tures of semiconductor chips according to the 
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present invention; 

Fig. 10 is an explanatory view of a structure of a 
CPU Included in a semiconductor chip according to 
the present invention; 

Fig. 11 is an explanatory view of the embodiment of 
a semiconductor chip according to the present In- 
vention; 

Figs. 12A to 12 o are explanatory views of a man- 
ufacturing process of TFTs; 
Figs. 1 3A to 1 3D are explanatory views of a manu- 
facturing process of TFTs; 
Fig. 1 4 Is an explanatory view of a module incorpo- 
rated with a semiconductor chip according to the 
present invention; 

Figs. 15A to 15G are explanatory views of electric 
appliances utilizing a semiconductor chip according 
to the present invention; 

Figs. 1 6 A and 1 6B are explanatory views of a bot- 
tom gate TFT and a dual gale TFT; 
Figs. 1 7 A and 1 7B are explanatory views of a meth- 
od for manufacturing a semiconductor chip accord- 
ing to the present Invention; and 
Figs. l8Aand 186 are explanatory views of a meth- 
od for manufacturing a semiconductor chip accord- 
ing to the present invention. 

DESCRIPTION OF THE PREFFERED 
EMBODIMENTS 

[0033] Hereafter, embodiment modes of the present 
invention will be described. 

Embodiment Mode i 

[0034] The structure of a semiconductor chip manu- 
factured according to the present invention is explained 
with reference to Figs* 1A to 1C. As shown in Fig. 1 A. 
the semiconductor chip according to the present inven- 
tion has a wire bonding structure in which a first device 
formative layer 102 Is stacked over thermal conductive 
substrate 101 interposing an adhesive layer 104, and a 
second device formative layer 103 is stacked thereon 
Interposing an adhesive layer 104 r then, wirings (not 
shown) of each the first device formative layer 102 and 
me second device formative layer 1 03 are connected 
electrically to wirings (not shown) of the thermal conduc- 
tive substrate 101 by connection wires 108. 
[0035] The device formative layers (the first device 
formative layer 102 and the second device formative 
layer 103) have thicknesses at most 50|un. Further, 
these device formath/e layers were fabricated in ad- 
vance over another substrate and separated from the 
substrate by a technique for separating. 
[0036] A substrate having thermal conductivity (the 
thermal conductive substrate 1 01) Is used for the sub- 
strate on which the first device formative layer 102 Is 
posted since the device formative layer according to the 
present Invention is a thin film having a thickness of at 



most SOjim and a device is susceptible to generated 
heat. In case of fabricating the second device formative 
layer 103 over the first device formative layer 102 via 
the adhesive layer 1 04, a thermal conductive film 1 05 is 

5 fabricated in contact with the first device formative layer 
102. In addition, a flattening film may be fabricated over 
the surface of the thermal conductive substrate 101 for 
preventing device destruction or interconnection de- 
struction in the first device formats layer 1 02 or the 

io second device formative layer 1 03, which are thin films . 
due to irregularities (not shown) of the surface of the 
thermal conductive substrate 1 01 . 
[0037] As the thermal conductive substrate 1 0 1 , a ce- 
ramic substrate containing aluminum oxide (alumina), 

'5 aluminum nitride (AIN), aluminum nitride oxida (AlN x o Y 
(X>Y), silicon nitride, or the like as its main components, 
and a graphite substrate containing carbon as tts main 
components can be used. As the thermal conductive 
fHm 105, a film of aluminum nitride (AIM), aluminum ni~ 
so trtde oxide (AIN x Oy(X>Y), boron phosphide (BP), boron 
nitride (BN), diamond like carbon (DLC: Diamond Like 
Carbon), or a lamination film or the like of these films 
can be used. 

[003a] A method for fabricating the thermal conduc- 
es tive film 1 0S, sputtering, vapor deposition, CVD, or the 
like can be used. 

[0039] For example, in case of fabricating the thermal 
conductive film 1 05 by AIN, the film is deposited by using 
aluminum nitride (AIM) target under the atmospfiere 

so composed of mixed gas of argon gas and nitride gas. in 
addition, the film can be deposited using aluminum (Al) 
target under the atmosphere of nitride gas. 
[0040] Each the pasted first device formative layer 
102 and second device formative layer 103 is electrically 

35 connected to the wirings (not shown) over the thermal 
conductive substrate by the connection wire 10E re- 
spectively. As a material for forming the connection wire, 
a wire formed of Au, Cu, Al, Al-Si, or an alloy of Au can 
be used. 

40 [0041] The first device formative layer 102 and the 
second device formative 1 03 can be electrically con- 
nected to the outside by bonding the wirings of the ther- 
mal conductive substrate to a printed wiring board (not 
shown) via a solder ball 107 connected electrically to 

<5 the wirings of the thermal conductive substrate 101. 
[0042] The structure or the device formative layer (the 
first device formative layer 102 and the second device 
formative 103) shown in Fig. 1 A and electrical Intercon- 
nection between the device formative layer and the ther- 

50 mal conductive eubetrate 101 by the connection wire 
106 ere explained wfth reference to Pig. 1 B. 
[0043] In the device formath/e layer 102. a pturafity of 
thin film transistors (hereinafter, TFTs) are formed as 
semiconductor devices, and a semiconductor appara- 

55 tus (a CPU, an MPU, a memory, a microcomputer, an 
image processor, or the like); a display apparatus (a liq- 
uid crystal apparatus, a POP, an FED. or the like); or a 
light-em itttng apparatus, each of which incl udes devices 
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formed by combining these TFTs, is manufactured. 
{0044] The first device formative layer 102 includes 
an oxide layer 1 08a a pan of which has a metal oxide 
layer since the device formative layer can be obtained 
as the following process: a plurality of TFTs and wirings 
(auxiliary wiring) are formed over a metal layer, a metal 
oxide layer, and an oxide layer fabricated over a sub- 
strate, and the oxide layer and TFTs formed over the 
oxide layer are separated from the substrate and the 
metal layer by splitting-ofT the metal oxide layer by a 
physical means. The oxide layer 106a a part of which 
has a metal oxide layer Is bonded to the thermal con- 
ductive substrate 101 via an adhesive layer 1 04a. 
[0045] As a material for forming the adhesive layer 
104a. various curing adhesives such as a photo-curing 
adhesive, lor example, a reaction-curing adhesive, a 
thermal-curing adhesive, or a UV-curlng adhesive, or an 
anaerobic adhesive can be used. 
[0046] The device formative layer 103 is fabricated 
ever the fust device formative layer 1 02 via the thermal 
conductive film 105. 

[0047] The second device formative layer 103 in- 
cludes an oxioc layer 108b a part of which has a metal 
oxide layer since the device formative layer c an b e ob- 
tained as the following process: a plurality ot TFTs and 
wirings iHumtiary wiring) are formed over a metal layer, 
a metal o*ide l«yor. and an oxide layer fabricated over 
a substrain «nd the oxide layer and TFTs formed over 
the OKiflo inyor arc separated from the substrate and the 
metai i*ycr by spfittmg-off the metal oxide layer by a 
physxiat me^rs The oxide layer 108b a part of which 
has a metal oftidc layer is bonded to the thermal con- 
ductive film 1C& via an adhesive layer 1 04b. 
[0048] As h material for forming the adhesive layer 
104b vmmous cunng adhesives such as a photo-curing 
adhesive for example, a reaction-curing adhesive, a 
thermal <uring adhesive, or a UV-euring adhesive, or an 
anaerobic adhesive can be used. 
[0049] The lirst device formative layer 102 and the 
second device lormatrve layer 103 can electrically con- 
nect to the outside by wirings (110a, 110b) formed in 
each the ftrst device formative layer 1 02 and the second 
device lormatrvo layer 103 via an electrode pad 111. 
[0050] A semiconductor apparatus, a display appara- 
tus, a lighi-emmlng apparatus, or the like, each of which 
includes devices composed of a plurality of TFTs and Is 
formed in the first device formalive layer 1 02 and the 
second device formative layer 103, is electrically con- 
nected to the wirings formed over the thermal conduc- 
tive substrate by the connection wire 1 06. 
[0051] Although the case that the device formative 
layer is formed to havo a two- lamination layer is ex- 
plained in Embodiment Mode 1 . but not exclusively, the 
device formative layer may be formed to have a three- 
or more-lamination layer. 

[0052] Thus, a semiconductor chip having a structure 
In which a plurality of device formative layers are 
stacked over the thermal conducUve substrate. 



[0053] After forming the Interconnection structure 
shown In Fig. 1 B, a resin 112 may be formed to encap- 
sulate the device formative layer (1 02. 1 03) and the con- 
nection wire 1 06. In addition, a material for the resin 112, 

s a thermosetting resin or a thermoplastic resin can be 
used. Specifically, a mold resin such as an epoxy resin, 
a silicon resin, a PPS resin (potyphenytene sulfide res- 
in), or the like can be used. In the present Invention, a 
substrate formed of glass, quartz, plastic, or a metal ma- 

io terial can be used instead of resin. 

Embodiment Mode 2 

[0054] The structure of a semiconductor chip that is 
*s different from that described in Embodiment Mode 1 will 
be described in Embodiment Mode 2. Figs, i A to ic 
Illustrate the structure that the device formative layer Is 
electrically connected to the thermal conductive sub- 
strate by the connection wire 106. In this embodiment, 
20 the case of adopting a ftip chip structure in which lami- 
nated device formative layers are connected electrically 
to a thermal conductive layer without using connection 
wires will be described. 

[0055] As shown in Fig. 2 A, a first device formative 
25 layer 202 having a thickness at most 50um is stacked 
over a thermal conductive substrate 201 via an aniso- 
tropic conductive layer 20d, and a second device form- 
eave layer 203 having a thickness at most 50pm Is 
stacked over the first conductive layer 202 via an aniso- 
30 tropic conductive layer 203. Here, wirings are exposed 
over the surface of each the first device formative layer 
202 and the second device formative layer 203, these 
wirings are electrically connected each other via the an- 
isotropic conductive layer 204, and also electrically con- 
as nected to the wirings (not shown) over the thermal con- 
ductive substrate* 

[0056] The first device formative layer 202 and the 
second device formative 203 can be etectricaHy con- 
nected to the outside by bonding the wirings of the ther- 

aq mat conductive substrate 201 to a printed wirtng board 
(not shown) via a solder bail 208 connected electrically 
to the wirings of the thermal conductive substrate 201 . 
[0057] Here, the structure of the device formative lay- 
er (the first device formative layer 202 and the second 

a* device formative 203) shown in Ftg. 2A and electrical 
interconnection between the device formative layer and 
the thermal conductive substrate 201 by auxiliary wir- 
ings a and b (210a and 21 0b) are explained with refer- 
ence to Fig. 2B. 

so raosaj In the first device formative la yer 2 02, a plural- 
ity of thin film transistors (hereinafter. TFTs) is formed 
as a semiconductor device, and a semiconductor appa- 
ratus composed of the TFTs (a CPU. an MPU. a mem- 
ory, a microcomputer, an Image processor, or the like); 

55 a display apparatus (a liquid crystal apparatus, a PDP, 
an FED. orthe like); or a Kgnt-emftting apparatus, each 
of which included these devices formed by combining 
these TFTs, is manufactured. 
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(0DS9J The separated surface of first device formative 
layer 202 Includes an exposed oxide layer 209a and a 
part of an auxiliary wiring a (21 0a) since the f Inst device 
formative layer 202 can be obtained as the following 
process: a plurality of TFfc and wirings (auxiliary wiring) s 
are formed over a metal layer, a metal oxide layer, and 
an oxide layer fabricated Over a substrate, and the oxide 
layer and TFTs formed over the oxide layer are separat- 
ed from the substrate and the metal layer by splttting-off 
the metal oxide layer by a physical means, then, the aux- i° 
illary wiring a (21 Oa) for reaching a wiring 209a is formed 
over the separated surface. The oxide layer 20 Ba and 
the auxiliary wiring a (210a) are bonded to the thermal 
conductive substrate 201 via the anisotropic adhesive 
layer 204a. Thus, the auxiliary wiring a (210a) formed 
over the first device formative layer 202 Is connected 
electrically to the wiring (not shown) over the thermal 
conductive substrate 201 via the anisotropic conductive 
adhesive layer 204a, 

[0060] As a material for fabricating the anisotropic *o 
conductive adhesive layer 204a, an anisotropic conduc- 
tive adhesive, which is made by dispersing an aniso- 
tropic conductive materiel on a photo-curing adhesive 
such aa a reaction-curing adhesive, a thermal-curing 
adhesive, or a UV-curfng adhesive, or an anaerobic ad- ss 
hesfve, can be used. As an anisotropic conductive ma- 
terial, metal particles such as Ag, Au f Al, or the like coat- 
ed wtth Insulating films and having a unidirectional con- 
ductivity can be used. In case of using en anisotropic 
conductive, it is preferably to bond the first device form- ao 
ative layerwith irracfiating ultrasonic waves for obtaining 
the strong adhesiveness. 

[0061] The second device formative layer 203 Is 
stacked over the first device formative layer 202 via the 
thermal conductive film 205. 3s 
[0062] The separated surface of second device form- 
ative layer 203 includes an exposed oxide layer 20Bb 
and a part of an auxHiary wiring a (21 0b) since the device 
formative layer can be obtained as the following proc- 
ess: a plurality of TFTs and wirings (auxiliary wiring) are *° 
formed over a metal layer, a metal oxide layer, and an 
oxide layer fabricated over a substrate, and the oxJde 
layer and TFTS formed over the oxide layer are separat- 
ed from tne substrate and the metal layer by splitting-off 
ma metal oxide layer by a physical means, then, the aux- 
Illary wiring a (21 0b) for reaching a wiring 209 Is formed 
over the separated surface. The oxide layer 208b and 
the auxiliary wiring a (210b) are connected to the first 
device formative layer 202 via the anisotropic adhesive 
layer 204b. Thus, the auxiliary wiring a (21 Ob) and the so 
woing 209b formed over the first device formative layer 
202 are electrically connected via the anisotropic con- 
ductive adhesive layer 204b, moreover, connected elec- 
trically to wirings (not shown) formed over the thermal 
conductive substrate 201 . ss 
[0063] As a materia] for. fabricating the anisotropic 
conductive adhesive layer 204b, an anisotropic conduc- 
tive adhesive, which is made by dispersing an aniso- 



tropic conductive materia! on a photo-curing adhesive 
such as a reaction-curing adhesive, a thermal-curing 
adhesive, or a UV-curfng adhesive, or an anaerobic ad- 
hesive, can be used. As an anisotropic conductive ma- 
terial, a metal particle such as Ag. Au, Al, or the like coat- 
ed with an insulating film and having a unidirectional 
conductivity can be used. In case of using an anisotropic 
conductive, It Is preferably to bond the second device 
formative layer with irradiating ultrasonic waves for ob- 
taining the strong adhesiveness. 
[0064] Fig. 2C is an enlarged view showing reference 
numeral 213 in Fig. 2B. Thus, the auxiliary wiring b 
(21 0b) formed In the second formative layer 202 and the 
wiring 209b formed in the first device formative layer 202 
are electrically connected each other via an anisotropic 
conductive particle 215 within the anisotropic conduc- 
tive adhesive layer 204b composed of the anisotropic 
conductive particle 215 and en edhasfve 214. Here, the 
anisotropic conductive particle 215 has the structure in 
which metallic particles are coated with insulating fikns. 
[0065] Therefore a semiconductor apparatus, a dis- 
play apparatus, a light-emitting apparatus, or the lite, 
each of which Includes a device composed of a plurality 
of TFTb end is formed in the first device formative layer 
202 and the second device format rv© layer 209, is elec- 
trically connected to the wirings formed over the thermal 
conductive substrate by the auxiliary wirings a and b 
(210a end 210b) end the anisotropic conductive adhe- 
sive layers (204a, 204b). 

[0066] The case that the device formative layer is 
formed to have a two-lam I nation layer Is explained in 
Embodiment Mode 2, but not exclusively, the device 
formative layer may be formed to have a three- or more- 
lam I nation layer. 

[0067] Thus, a semiconductor chfe having a structure 
in which a plurality of device formative layers are 
stacked over the thermal conductive substrate. 
[0066] A top gate TFT is explained as an example of 
the type of a TFT in Embodiment Mode 1 and Embodi- 
ment Mode 2 in the present invention, but not exclusive- 
ly, a bottom gate TFT having a structure in which a gate 
electrode Is formed on the underside of an active layer 
as shown in Fig. 1 8A, or a dual gate TFT having a struc- 
ture in which two gate electrodes are formed so as to 
sandwich an active layer as shown In Fig. 166 can be 
also adopted. 

Embodiments 

[0069] Hereinafter, Embodiments of the present in- 
vention will be described. 

Embodiment 1 

[0070] In this embodiment, a method for manufactur- 
ing a semiconductor chip according to the present In- 
vention, which has a structure explained in Embodiment 
Mode 1 , will be described with reference to Figs. 3A to 
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SC. 

[0071 ] Ftg. 3A is a view of showing a state that a metal 
layer 301, a metal oxide layer 302, and an oxide layer 
303 are sequentially fabricated over a first substrate 
301 . and a device formative layer 250 is fabricated ther- 
eon. 

[0072] As the first substrate 300, a glass substrate, a 
quartz substrate, a ceramic substrate, a silicon sub- 
strate, a metal substrate, or a stainless substrate, or the 
like, can be used. In this embodiment. AN 1 00 which is 
a glass substrate, is utifized. 

[0073] As materials for the metal layer 301 fabricated 
over the first substrate 300, an element selected from 
the group consisting of W, Ti, Ta, Mo, Nd, Nl, Co, Zr, Zn, 
Ru, Rh, Pd, Os, Ir, and Pt; a single layer fabricated of 
an afloy material or a compound material containing 
these elements as Its main components; a lamination 
layer of the single layers; or nitrides, for example, a sin- 
gle layer or a lamination layer fabricated of titanium ni- 
tride, tungsten nitride, tantalum nitride, or morybdenum 
nitride. The metal layer 301 Is fabricated to have a thick- 
ness of from 1 o to 200nm f preferably, from 60 to 75nm. 
[0074] In case of forming a metal layer 301 by sput- 
tering, the thickness at the vicinity of fta periphery por- 
tion of the first substrate 300 is tend to be inhomogene- 
ous since the first substrate 300 is fixed. Therefore, a is 
preferable that only the periphery portion is removed by 
dry etching. In this regard, an insulating fflm fabricated 
of an oxynttride silicon film may be fabricated to have a 
thickness of approximately 100nm between the first 
substrate 300 and the metal layer 301 to prevent the first 
substrate 300 from being etched. 
[007$] The metal oxide layer 302 and the oxide layer 
303 are fabricated over the metal layer 301 . In this em- 
bodiment, the case that the oxide layer 303 is fabricated, 
and the metal layer 30 \ is oxidized In the following proc- 
ess, and then, these layers are formed into the metal 
oxide layer 302 will be deserved. 
[0076] Therefore a layer fabricated of tungsten is fab- 
ricated to have a thickness of from 1 0 to 200rrm, prefer- 
ably, from 50 to 75nm as the metal layer 301 . Further, 
the oxide layer 303, here a silicon oxide layer, Is stacked 
thereon to have a thickness of from 1 50 to 200 nm with- 
out exposing to the atmosphere. The thickness of the 
oxide layer 303 te preferably more than twice as large 
as that of the metal layer 301. For example, a silicon 
oxide film is preferably fabricated to have a thickness of 
from 1 50 to 200nm by sputtering using silicon oxide tar- 
gets. 

[0077] A device formative layer 250 fabricated over 
the oxide layer 303 Is the layer in which a semiconductor 
apparatus, a display apparatus, or a light-emitting ap- 
paratus including a device formed by combining appro- 
priately TFTs (p-channei TFTs or n-channel TFTs) is 
formed. The TFT described here Is composed of an im- 
purity region 304, a channel formation region 306, each 
of which Is formed in a part of a semiconductor film over 
a base film 305a. a gate insulating film 307. and a gate 



electrode 308, and is connected electrically by a wiring 
309. Further, an electrode pad 31 0 which makes it pos- 
sible to connect to the outside is formed 
[0078] In the process for fabricating the device form- 

5 atrve layer 250, heal treatment is carried out after form* 
ing a material film containing hydrogen at least (a sem- 
iconductor film or a metal film) to diffuse the hydrogen 
contained in the material fltm. The heat treatment may 
be carried out at least 420*C. The heat treatment may 

10 be carried out separately from the process for fabricat- 
ing the device formative layer 250, or carried out simul- 
taneously for simplification of processes. For example, 
in case of fabricating an amorphous silicon film contain- 
ing hydrogen as a material film containing hydrogen by 
sputtering and heating the amorphous silicon film to 
form a polyslllcon film, hydrogen in the amorphous sili- 
con film can be diffused by the heat treatment at least 
SOO'C simultaneously with forming a polys II icon film by 
the heat treatment. 

20 [0079] According to the heat treatment, the metal ox- 
ide layer 302 having a crystal structure is fabricated be- 
tween the metal layer 301 and the oxide layer 303. An 
amorphous metal oxide layer (tungsten oxide layer) with 
a thickness of from 2 to 5nm fabricated between the met- 

25 allayerSOl and the oxide layer 303 by stacking the met- 
al layer 301 and the oxide layer 303 is included in the 
metal oxide layer 302 since the metal oxide layer (tung- 
sten oxide layer) Is formed to have a crystal structure by 
this heat treatment. 

30 [0080] In this embodiment, the case that the metal ox- 
ide layer 302 is fabricated In the process for manufac- 
turing a part of a device formative layer Is explained, but 
not exclusively, the metal oxide layer 302 may be formed 
after forming the oxide layer 301. and the oxide layer 

3s 303 may be formed thereafter. 

[0081] Next, an organic resin layer 311 is fabricated 
over the device formative layer 250. As a material for 
fabricating the organic resin layer 311, an organic ma- 
terial that Is soluble In water or alcohol is used. The or- 

40 gartfc resin layer 31 1 is fabricated by coaling the organic 
material over the whole surface and curing. The organic 
material may be composed of, for example, epoxy se- 
ries, acryiate series, sflicon series, or the like. Specifi- 
cally, water-soluble resin (TQAGOSEl Co., Ltd.: 

45 VL-WSHL10) is spin-coated to have a thickness of 
30jim. and exposed f or two minutes to be partially cured, 
then, exposed hs back with UV rays for 2.5 minutes, and 
then, exposed its surface for 10 minutes to be fully 
cured. Consequently, the organic resin layer 31 1 is fab- 

so Heated. 

[0082] The adhesiveness of the metal oxide layer 302 
Is partly weakened in order to make It easier for layers 
to be separated. The partly wakening process of adhe- 
siveness is carried out by irradiating laser light on the 
55 region thai is to be peeled-off of the metal layer 301 or 
the oxide layer 303 along wilh the periphery thereof „or 
pressuring locally from outside on the region mat is to 
be separated along with the periphery thereof for dam- 
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aging a part of the inside or the boundary face of the 
oxide layer 303. Specifically, a hard needle such as a 
diamond pen may be attached perpendicular to the re- 
gion to be separated and moved along with the periph- 
ery thereof with applying loading. Preferably, a scriber 
device can be used to move wfth applying loading on 
the region with press force ranging from 0.1 to 2mm. It 
Is important to carry out some processes for easy sep- 
arating, that fe. to prepare for separating process. Such 
preparatory process for weakening selectively (partly) 
the adhesiveness will prevent poor separating and im- 
prove the process yield. 

[0083] By fabricating a first adhesive layer 31 2, a sec- 
ond substrate 313 can be bonded to the organic resin 
layer 311 via the first adhesive layer 312. As a material 
for fabricating the first adhesive layer 312. a Known ma- 
terial that Its adhesive can weaken by carrying out a pre- 
defined treatment in the following process can be used, 
however, the case that a photosensitive two-side tape 
that Its adhesiveness weaken due to light irradiation is 
used in the following process will be described in this 
embodiment 

[0084] The second adhesive layer 314 is also fabri- 
cated over tho exposed Surface of tho first substrate 
300. The third substrate 316 is bonded thereto via the 
second adhesive layer 31 4. As a material for fabricating 
the second adhesive layer 314, a two-side tape is used 
same as the first adhesive layer 31 2. The third substrate 
315 prevents the first substrate 300 from damaging in 
the following separating process. For the second sub- 
strate 313 and the third substrate 31 5, the substrate that 
has higher rigidity than that of the first substrate 300, for 
example, a quartz substrate or a semiconductor sub- 
strate, is preferably to be used. 
[0085] The first substrate 300 provided with the metal 
fUm 301 is separated from the side of the region, which 
is partly weakened its adhesiveness, by a physical 
means. The metal layer 301 and the substrate 300 can 
be. separated by splrtrJng-off the metal oxide layer 302 
with comparatively small force (for example, man's 
hand, air pressure of gas spr a y e d from a nozzle, ultra- 
sonic waves, or the like). Specifically, the first substrate 
300 can be separated by spnttfng-cff a tungsten oxide 
layer, an Interface between a tungsten oxide layer and 
a silicon oxide layer, or an Interface between a tungsten 
oxide layer and a tungsten film. Thus, the device form- 
ative layer 250 formed over the oxide layer 303 can be 
separated from the first substrate 300. Rg. 3C shows a 
state of after separating process. 
[0086] A portion of the metal oxide layer 302 is re- 
mained over the surface exposed by separating The re- 
mained metal oxide layer 302 may hinder the bond be- 
tween the exposed surface and the substrate or the like, 
so that the remained metal oxide layer 302 is preferably 
removed. For removing the remained metal oxide layer 
302, aqueous alkali such as aqueous ammonia or aque- 
ous adds can be used. In addition, the following process 
may be carried out at the temperature (at most 430*C) 



which makes It easier for the portion of the metal oxide 
layer 302 to be separated. 

[0087] Reference numeral 401 tn Fig. 4A shows the 
state that is obtained by removing the remained metal 

5* oxide layer 302. In the following process, in case of fab- 
ricating another device formative layer over the device 
formative layer pasted to a thermal conductive sub- 
strate, this state of device formative layer (401 ) Is used 
tor the above described another device formative layer, 

10 [0088] Next, a third adhesive layer 31 6 is fabricated, 
and a fourth substrate (a thermal conductive substrate) 
31 7 is bonded to the oxide layer 303 (and a device to rm- 
atfve layer 250 etc.) via the third adhesive 1ayer3ie (Fig. 
4A). Note that it is important that the adhesiveness of 

15 the second substrate 313 and the organic resin layer 
311 bonded by the first adhesive layer 312 is greater 
than that of the oxide layer 303 (and the device formative 
layer 250 etc.) and the fourth substrate 31 7 bonded by 
the third adhesive layer 31 8. 

so mo89] As a fourth substrate (a thermal conductive 
substrate) 31 7, a glass substrate, a quart? substrate, a 
ceramic substrate, a silicon substrate, a metal sub- 
strate, or a stainless substrate, or the like, can be used, 
ft is preferably to use a substrate having high thermal 

2s conductivity. Especially, it is preferably to use a ceramic 
substrate that contains aluminum oxide (alumina), alu- 
minum nitride, aluminum nitride oxide, or silicon nitride 
as its main components. It is necessary that wirings for 
connecting electrically to a device formative layer which 

so is stacked afterward is formed in the fourth substrate 
31 7. As a means of forming the wirings, a known means 
that is used In the field of LSI for forming wirings In the 
substrate (also referred to as a die) on which chip Is 
pasted can be used, so that the explanation thereof will 

as be omitted. 

[0090] A flattening film may be fabricated for prevent- 
ing the device destruction and interconnection destruc- 
tion in the device formative layer 250 due to Irregularities 
of the surface of the fourth substrate 317 considering 

40 that the device formative layer according to the present 
invention is such a thin film having a thickness of at most 
50nm. 

[0091] As a material for the third adhesive layer 31 6, 
various curing adhesrves such as a photo-curing adhe- 

«s 3tve, for example, a reaction -curing adhesive, a thermal- 
curl ng adhesive, ore UV-curing adhesive, or an anaer- 
obic adhesive can be used. More preferably, the curing 
adhesrves is given high thermal conductivity by means 
of mixing powder comprising silver, nickel, aluminum, or 

so aluminum nitride, or filler. 

[0092] Tnen, UV light Is Irradiated from the side of the 
second adhesive layer 313 in order to weak the adhe- 
siveness of the two-elded tape, secondly, the second 
substrate 31 3 is separated form the device formative 

53 layer 250 etc. (Fig. 4B). And thirdly, the first adhesive 
layer 31 2 end the organic resit* layer 311 are melted and 
removed by water washing the exposed surface. 
[0093] A thermal conductive layer 318 is fabricated 
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over an insulating film thai is exposed its surface. The 
thermal conductive layer 31 6 may be formed of a film of 
aluminum nitride, aluminum nitride oxide, diamond fike 
carbon (OLC), or (he like by vapor fl Im formation method 
such as sputtering, reactive sputtering, ion beam sput- 5 
taring, EGR (electron cyclotron resonance) sputtering, 
ionization vapor deposition, or the Hke. 
[0094] Fig. 4C shows a state that is obtained by fab- 
ricating the thermal conductive layer 318. 
fO095) Next, a fourth adhesive layer 31 9 is fabricated to 
over the theimal conductive layer 31 B, Here, another 
device formative layer having a state of 40 1 obtained up 
through the process of Fig. 4A is bonded via the fourth 
adhesive layer 319 (Fig. 5A). In addition, another device 
formative layer having a state of 401 Is referred to as a « 
second device formative layer 501 , and the device form- 
ative layer that is fabricate over the fourth substrate 317 
Is referred to as a first formative layer 502. 
[0098] An organic resin layer 320, a filth adhesive lay- 
er 321 , and the fifth substrate 322 are fabricated over *o 
the second device formative layer 501. In the case of 
this embodiment, a device format rva layer in an upper 
portion (601 Illustrated in Fig. 5A) is necessary to be 
small In order not to cover an electrode pad of a device 
formative layer by forming the lamination structure. & 
[0097] Then, UV light is irradiated from the side of the 
fifth adhesive substrate 322 In order to weak the adhe- 
siveness of the two-sided tape used as the fifth adhesive 
layer 321 f and then, the fifth substrate 322 Is separated 
form the second device formative layer 501 (Frg. 6B). 30 
Further, the fifth adhesive layer 321 and the organic res- 
in layer 320 are melted and removed by water washing 
the exposed surface. 

[0090] Thus, a structure in which the first device form- 
ative layer 502 and the second device formative layer *s 
501 are stacked as shown In Fig. 5C can be formed. 
Within the structure stiown In Fig. 5C, electrode pads 
(323, 324) of each device formative layer and wirings 
(not shown) that are provided In advance with the fourth 
substrate 31 7 having thermal conductivity are connect- 4o 
ed by a connection wire, and so the structure shown in 
Figs . 1 A to 1 C can be formed . The connection wire may 
be formed of Au, Gu, Al-Si, or Au alloys. 

Embodiment 2 45 

[0093] In this embodiment a method for manufactur- 
ing a semiconductor chip according to the present In- 
vention that has a structure described in Embodiment 
Mode 2 will be explained in detail with reference to Figs, so 
6Ato8C. 

[0100] } Fig. 6A 8 hows the state that the structure hav- 
ing a metal layer 601 , a metal oxide layer 602. an oxide 
layer 603, a device formative layer 604 including a plu- 
rality of TFTa or wiring, an organic resin layer 611 , a first ss 
adhesive layer 612, a second substrate 613, each of 
which Is fabricated over a first substrate 60O Is formed. 
In addition, a third substrate 615 is pasted on the first 
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substrate 600 via a second adhesive layer 614 which is 
in contact with the first substrate 600 is formed, and the 
metal oxide layer 602 between the metal layer 601 and 
the oxide layer 603 Is split-off. This structure is formed 
by the same manner and the same material as that de- 
scribed in Embodiment 1 and will not be further ex- 
plained here. A portion of the metal oxide layer 602 is 
remained over the surface exposed by separating. The 
remained metal oxide layer 602 may hinder the bond 
between the exposed surface and the substrate or the 
like, so that the remained metal oxide layer 602 is pref- 
erably removed. For removing the portion of the metal 
oxide layer 602, aqueous alkali such as aqueous am- 
monia or aqueous acids can be used. In addition, the 
following process may be carried out at the temperature 
(at most 430*C) which makes it easier for the remained 
metal oxide layer 602 to be separated. 
[0101] After separating substrates and removing the 
remained a metal oxide layer 602, an opening portion 
606 for reaching to a wiring 60S is formed from the side 
of the oxide layer 603 exposed to the surface by pat- 
terning using masks formed by photolithography. 
[0102] Then, an auxiliary wiring is provided with the 
opening portion 616 to form the structure shown in Fig. 
6C. As a material for forming the wiring, an element se- 
lected from the group consisting of Ag. Au, Ta, W. 71, 
Wo , Al . or Cu, or alloys or compounds containing these 
elements as their main components can be used. Ref- 
erence numeral 701 in Fig. 6C shows a state that is com- 
pleted by forming an auxiliary wiring 617. In case ol fab- 
ricating another device formative layer over the device 
formative layer pasted on the thermal conductive sub- 
strate in the following process, this state of device form- 
ative layer (701 > is used tor the above described another 
device formative layer. 

[0103] Next, a third adhesive layer (anisotropic con- 
ductive adhesive layer) 618 is fabricated, and a fourth 
substrate (thermal conductive substrate) 619 is bonded 
to the oxide layer 603 (and the device formative layer 
604 etc) via the third adhesive layer 618 (Fig. 7A). Note 
that It Is important that the adhesiveness of the second 
substrate 613 and the organic resin layer 611 bonded 
by the first adhesive layer 612 is greater than that of the 
oxide layer 603 (and the device formative layer 604 etc.) 
and the fourth substrate 61 d bonded by the third adhe- 
sive layer 61 8. 

[0104] As a fourth substrate (a thermal conductive 
substrate) 619, a glass substrate, a quartz substrate, a 
ceramic substrate, a silicon substrate, a metal sub- 
strate, or a stalntess substrate, or the like, can be used, 
(t is preferably to use a substrate having high thermal 
conductivity. Especially, R Is preferably to use a ceramic 
substrate that contains aluminum oxide (alumina), alu- 
minum nitride, aluminum nitride oxide, or silicon nitride 
as its main components. It is necessary that wirings for 
connecting electrically to a device formative layer which 
is stacked afterward id formed In the fourth substrate 
619. As a means of forming the wirings, a known means 
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that Is used in the fiald of LSI for forming wirings in the 
substrate (also referred to as a die) on which chip Is 
pasted can be used, so that the explanation thereof will 
be omitted. 

[01 OS] As a material for fabricating the third adhesive 
layer (anisotropic conductive adhesive layer) 616, ad- 
hesive which Is made by dispersing an anisotropic con- 
ductive material on a photo-curing adhesive such as a 
reaction-curing adhesive, a themiei-Curing adhesive, or 
a UNAcuring adhesive, or an anaerobic adhesive can be 
used. As an anisotropic conductive material, metal par- 
ticles such as Ag, Au r Al, or the like coated with insulat- 
ing films and having a unidirectional conductivity can be 
used. 

[0106] Then, UV light is Irradiated from the side ot the 
second adhesive layer 613 In order to weak the adhe- 
siveness of the two-sided tape, and then, the second 
substrate 61 3 Is separated form the device formative 
layer 604 (Fig. 7B). Further, the first adhesive layer 6 1 2 
and the organic resin layer en is melted and removed 
by water washing the exposed surface. 
[0107] A thermal conductive layer 620 is fabricated 
over an exposed surface of an insulating fDm. The ther- 
mal conductive layer 620 may be formed of a film of alu- 
minum nitride, aluminum nitride oxide, diamond like car- 
bon (DLC), or the like by vapor film formation method 
such as sputtering, reactive sputtering, Ion beam sput- 
tering, ECR (electron cyclotron resonance) sputtering, 
ionization vapor deposition. 

[01 08] Fig. 7C shows a state that is obtained by fab- 
ricating the thermal conductive layer 620. 
[01 09] Next, a fourth adhesive layer 621 is fabricated 
over the thermal conductive layer 620 shown in Fig. 70. 
Here, another device formative layer having a state of 
701 obtained up through the process of Fig. 6C is bond- 
ed thereto via the fourth adhesive layer 621 (Rg. 8A). 
In addition, another device formative layer having a 
state of 701 Is referred to as a second device formative 
layer 601 , and the device formative layer that Is fabri- 
cated over the -fourth substrate 61 9 is referred to as a 
first formative layer 802. 

[01 10] An organic resin layer 622, a fifth a dh serve lay- 
er 623, and a fifth substrate 624 are fabricated over the 
second device formative layer 801 . in the case of this 
embodiment, an electrode pad ot a device formative lay- 
er Is not used for connecting electrically as described in 
Embodiment 1 , the wiring 605 of the first device forma- 
tive layer 801 and an auxiliary wiring 625 of the second 
device formative layer 801 are electrically connected 
each other via the fourth adhesive layer (anisotropic 
conductive adhesive layer) 621 , so that it is no problem 
that the sizes of each device format Ivo layer are different 
from each other. 

[mil] Then. UV tight is Irradiated in order to weak the 
adhesiveness of tha two-sided tape used for the fifth ad- 
hesive layer 623 from the side of the firth adhesive layer 
624, and then, the fifth substrate 624 Is separated from 
the second d evtee formative layer 801 (Fig. BB). Further. 



the fifth adhesive layer 623 and the organic resin layer 
622 are melted and removed by water washing the ex- 
posed surface. 

[01 1 2J Thus, a structure In which the first device form- 
5 ative layer 802 and the second device formative layer 
801 are stacked can be formed as shown in Fig. 8C. In 
this embodiment the case that a semiconductor chip 
shown in Pig. 8C is formed by removing the organic resin 
layer, the fifth adhesive layer 623, and the fifth substrate 
10 624 through the process shown in Fig. 6A is explained, 
but not exclusively, the structure obtained by bonding 
as shown in Fig. 8A can be used as a semiconductor 
chip. 

is Embodiment 3 

[0113] In this embedment, the structure of a semicon- 
ductor chip that has a different structure described in 
Embodiment 1 or 2 will be described with reference to 
Figs. 1/A to 18B. The structure according to this em- 
bodiment Is formed by stacking a plurality of device 
formative layers and bonding a device formative layer 
which Is fabricated at the very end to a thermal conduc- 
tive substrate. Such structure is different from the struc- 
ture described in Embodiment 1 or 2 which is formed by 
bonding a first device formation layer to a thermal con- 
ductive layer and stacking a plurality of device formative 
layers sequentially. 

[0114] As shown In Fig. 1 7A. a first device formative 
30 layer 1 902 is fabricated over a first substrate 1 800. Fur- 
ther, a second substrate 1 81 5 is bonded to the first sub- 
strate 1600 via a second adhesive layer 1 614. 
[0115] In this embodiment, tha first substrate 1800, 
the second adhesive layer 1814, and a second sub- 
as strata 1 81 5 is not separated by splitling-ofT a metal oxide 
layer 1 802 at this point. A thermal conductive film 1 820 
is fabricated over a first device formation layer 1 902 not 
to cover a wiring 1805. The thermal conductive film 1 820 
may be fabricated by using the same material and the 
40 same manner as the thermal conductive layer 620 in 
Embodiment 2- 

[0116] A first adhesive layer 1821 is fabricated over 
the first device formative layer 1902 on which the ther- 
mal conductive f flm 1 820 is fabricated, and a second de- 
4s vice formative layer 1901 Is bonded thereto. In addition, 
the first adhesive layer 1 B21 is an anisotropic conduc- 
tive adhesive layer formed of an anisotropic conductive 
adhesive. 

[0117] Trie device formative layer 1902, which is 
so bonded here, has the same structure of the second de- 
vice formative layer 801 shown in Frg. 8A In Embodi- 
ment 2. Thus, the device formative layer 1902 has an 
auxiliary wiring 1825 connected electrically to the wir- 
ings fabricated in the second device formative layer 
55 1801 , a third adhesive layer 1 623, and a third substrate 
1824. In addition, the auxiliary wiring 1825 Is connected 
electrically to the wiring 1 60S m the device formative lay- 
er 1 902 via the first adhesive layer 1 821 . 
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(Oil 8] After bonding the first device formative layer 
1 902 to the second device formative layer 1 901 . UV light 
is irradiated from the side of the third substrate 1824 in 
order to weak the adhesiveness of the two-sided tape 
used as the third adhesive layer 1823, secondly, the 
third substrate 1824 is separated form the second de- 
vice formative layer 1 $01 . And thirdly, the third adhesive 
layer 1 823 and the organic resin layer 1 822 are melted 
and removed by water washing the exposed surface. 
[0119] A bump 1826 formed over the surface of the 
second device formative layer 1901 in contact with the 
exposed wiring, and s fourth substrate 1827 having ther^ 
mal conductivity is bonded thereto via a fourth adhesive 
layer 1 828 formed of an anisotropic adhesive. As a ma- 
terial for forming the bump 1826. tungsten (W). tung- 
sten-rhenium (W-Re), palladium (Pd), beryllium copper 
(BeCu), or the like can be used. 
[0120] As a fourth substrate 1 827. a glass substrate, 
a quartz substrate, a ceramic substrate, a sBicon sub- 
strate, a metal substrate, or a stainless substrate, or the 
like, can be used. It is preferably to use a thermal sub- 
strate having high thermal conductivity. Especially, it is 
preferably to use a ceramic substrate that contains alu- 
minum oxide (alumina), aluminum nitride, aluminum ni- 
tride oxide, or silicon nitride as as main components. A 
wiring for electrical connections via the wirings of the 
second device formative layer 1 901 and the bump 1 B26 
is necessary to be formed. As a means of forming the 
wirings, a known means that is used in the field of LSI 
for forming wirings in the substrate (also referred to as 
a die) on which chip is pasted can be used, so that the 
explanation thereof win be omitted. Fig. 1 7B shows the 
state that the lamination structure of a device formation 
layer shown in Fig. 17A Is reversed. 
[01 21] The first substrate 1 800, the second adhesive 
layer 1 81 4, and the second substrate 181 6 are separat- 
ed by splittlng-off the metal oxide layer 1802 between 
the metal layer 1801 and the oxide layer 1803 by the 
seme way described with reference to Fig. 8A in Em- 
bodiment 2. 

[0122] In this embodiment, the metal oxide layer 1802 
remained over the second device formative layer 1901 
is removed by using aqueous alkali such as aqueous 
ammonia or aqueous adds. This removing treatment 
may be carried out according to need. 
[0123] Thus, a structure, which Is different from that 
described In embodiment 1 or 2, in which the second 
device formative layer 1902 and the second device 
formative layer 1901 are stacked over a thermal con- 
ductive substrate (the fourth substrate 1827) can be 
formed as shown In Fig. 18B. 

Embodiment 4 

[□124] In this embodiment, a specific structure in 
which a device composed of TFTa included in a plurality 
of device formative layers stacked over a thermal con- 
ductive layer can be electrically connected to the outside 
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via a wiring formed in a thermal conductive layer and 
solder balls 910 and 920 within a semiconductor chip 
according to the present Invention comprising a plurality 
of device formative layers over a thermal conductive 

5. substrate will be described with reference to Figs. 9A 
and 9B. Fig. 9 A shows a structure of the semiconductor 
chip described In Embodiment Mode 1 . Rg. 98 shows 
a structure of the semiconductor chip described in Em- 
bodiment Mode 2. 

10 [01 25] Ftg. 9A shows a semiconductor chip having an 
interconnection structure of wire bonding. An electrode 
pad 91 1 connected electrically to a wiring of each device 
formative layer 901 is connected electrically to a thermal 
conductive substrate 906 by a connection wire 909 in 

19 the semiconductor chip. The device formative layer 901 
is formed by the same way described in Embodiment 1 . 
[0126] A wiring 907, which penetrates the substrate, 
is formed in the opening portion of the thermal conduc- 
tive substrate 908. An insulating layer 908 is fabricated 

20 over the both surface of the thermal conductive sub- 
strate with leaving a part of these wirings 907. 

(01 27J "1""* wiring 907, which is not covered by the in- 
sulating layer 908, Is connected electrically to the elec- 
trode pad 901 of each device formative layer via the con- 

29 nection wire 909. The solder ball 910 Is formed overthe 
face of the thermal conductive layer 906 which is not 
bonded with the device formative layer 91 1 . 

(0128] Electrical interconnection can bB obtained by 
pasting the semiconductor chip shown In Fig. 9A on a 

30 wiring board (printed wiring board) with aligning so as 
the wirings on the wiring board to be in contact with the 
solder baD 910. 

[0129] Trie semiconductor ch'p shown In Rg, 9B has 
an interconnection structure of flip chip. A wiring and an 
99 auxiliary wiring of each device formative layer 931 are 
electrically connected each other by an anisotropic con- 
ductive adhesive layer. In the device formative layer 931 
described In this embodiment, a plurality of wirings are 
leaded out by a leading out wiring 921 , a bump 928 is 
40 formed in contact wtth the leading out wiring 921 . and 
the bump 928 Is electrically connected to the wiring 91 7 
via an anisotropic conductive adhesive layer 915 86 
shown In the bottomside of Fig. 9B, which is an enlarged 
view of 923 In the upper side of Fig. 9B- This structure 
43 is different from that described in Embodiment 2. 

[0130] AS a material for fabricating the anisotropic 
conductive adhesive layer 915, the same material for 
the anisotropic conductive adhesive layer in Embodi- 
ment 2 can be used. That is, the anisotropic conductive 
so adhesive layer 91 5 is formed of an anisotropic conduc- 
ive particle 925 made of metal particles such as Ag, Au , 
Al, or the HRe coated with insulating films end having a 
unitf rectlonal conductivity and an adhesive 024 such as 
a photo-curing adhesive, for example, a reaction-curing 
ss adhesive, a thermal-curing adhesive, or a U V-curing ad- 
hesive, or an anaerobic adhesive. The bump 928 and 
the wiring 917 can be electrically connected via aniso- 
tropic conductive particle 925. 
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[0131) Over a thermal conductive substrate 916 on 
which a device formative layer is stacked, a solder bait 
920 formed of a conductive material fe formed in contact 
w&h the wiring 91 7 penetrating the substrate and the in- 
sulator 918 is formed in the opening portion as tn the 
case of FJg. 9A. 

[0132] Electrical Interconnection can be obtained by 
pasting the semiconductor chip shown in Fig. 9B on a 
wiring substrate (printed wiring board) with aligning so 
as the wirings on the wiring substrate to be m contact 
with tho solder ball 920. 

Embodiment 5 

[0133] An operation and a structure of a chip pasted 
over a thermal conductive substrate in case that the chip 
has a function as a CPU wil be described with reference 
to Fig. 10 In this embodiment. 

[0134] When an opcode is inputted to an Interface 
1 001 , the code is decrypted in an analysis unit 1003 (al- 
so referred to as an Instruction Decoder), and a signal 
is inputted to a control signal generation unit 1004 (a 
CPU Timing Control). Upon inputting the signal! a con- 
trol signal is outputted from the control signal generation 
unrt 1004 to an arithmetic logical unit 1009 (hereinafter, 
an ALU) and a register unit 1010 (hereinafter, a Regis- 
ter). 

[0135] The control signal generation unit 1004 com- 
prises an ALU controller 1006 for controlling the ALU 
1 009 (herein after, ACON) , a un It 1 005 for controlling the 
Register 101 0 (hereinafter, a RCON) , a tfmlng control- 
ler 1 007 forcontrolllng timing (hereinafter! aTCON), and 
an Interruption controller 1008 for controlling internjp- 
tion (hereinafter, an ICON). 

[0136] On the other hand, when an operand Is input- 
ted to the interface 1 001 , the operand is outputted to the 
ALU 1009 and the Register 1010. Then, a processing 
such as a memory read cycle, a memory write cycle, an 
I/O read cycle, an I/O write cycle, or the like, based on 
a control signal, which Is inputted from the control signal 
generation unit 1 004. is carried out 
[0137] The Register 1010 is composed of a general 
register, a stack pointer (SP), a program counter (PC), 
or the like. 

[0138] An address controller 1011 {hereinafter, 
ADRC) outputs 16 bits address. 
[0139] A structure of CPU described in this embodi- 
ment is Illustrative only as a CPU Included in the semi- 
conductor chip according to the present invention and 
does not limit the structure of the present Invention. 
Therefore the semiconductor chip according to the 
present Invention can be completed by using a known 
CPU with the structure other than that of the present In- 
vention. 

Embodiment 6 

[0140] The structure of a semiconductor chip in which 



a CPU and a light-emitting device are stacked will be 
described with reference to a cross-sectional structure 
in Fig. 11. A first device formative layer 1102 fabricated 
over a thermal conductive layer 1101 comprises a CPU , 
s A second device formative layer 1 1 03 comprises a light- 
emitting apparatus. And these layers are connected 
each other by a connection wire 1104. 
[01 41] The CPU Included In the first device formative 
layer 1 1 02 can adopt the structure described in Embod- 
'0 fment 4 and wfi I not be further explained . 

[0142] The light-emitting apparatus Included In the 
second device formative layer 1103 is composed of a 
drive circuit portion 1107 (a source side drive circuit or 
a gate sfde drive circuit) formed of a CMOS circuit which 
is is a combination of n-channel TFTs 1105 and p-channei 
TFTs 1106, and a pixel portion 1108. 
[0143] In addition, a TFT for forming a drive circuit 
may be formed of a known CMOS circuit, PMOS circuit, 
or NMOS circuit. A driver Integrated type formed by 
forming a drive circuit portion and a pixel portion over 
one device formative layer Is described in this embodi- 
ment, but not exclusively, the drive circuit portion may 
be stacked over another device formative layer. 
(0144] The pixel portion 1108 is composed of a plu- 

*s raWty of pixels includl ng a switching TFT 1 1 1 1 , a curr© nt 
control TFT 1112, and a first electrode 1113 connected 
electrical ly to the drain of the current control TFT 11 1 2 . 
An insulator 11 14 is formed to cover the edge portion of 
the first electrode 1113. 

5o [0145] An electroluminescent device 1117 is corn- 
posed of a first electrode 1 1 1 3 f a second electrode 1 1 1 6 . 
and an electroluminescent layer 1115 which is inter- 
posed between these electrodes. As a material for form- 
ing the first electrode 11 1 3, a material having large work 

33 function is preferably used. For example, a single layer 
such as a titanium nitride film, a chrome fitm, a tungsten 
firn, a 2n film, or Pt film; a lamination layer of a titanium 
nitride film and a film containing aluminum as its main 
components: or a three lamination layer of a titanium 

*o nitride film, a film containing aluminum as its main com- 
ponents, and a tftanium nitride film, are useful. By form- 
ing the first electrode to have a lamination structure, re- 
sistance as a wiring can be low, good properties of ohm- 
Ic contact can be obtained, and the first electrode can 

45 serve as an anode. 

[0146] The electroluminescent layer 1115 can be fab- 
ricated by vapor deposition using an evaporation mask 
or ink-jetting. 

[0147] As a material for the second electrode (cam- 
so ©da) 1116 formed over the electroluminescent layer 
1115, a email work function material (Al, Ag, Li, Ca, or 
alloy of those materials such as MgAg, Mg(n, AID, CoF z , 
orCaN) Is useful. Here, the second electrode (cathode) 
1116 is formed of a lamination of a thin metal film, a 
33 transparent conductive film (Indium-tin-oxide (ITO), In- 
dium oxWe-zInc oxide (In^Os-ZnO), 2inc oxide (ZnO). or 
the nice) In order light to pass through the second elec- 
trode. 



14 



PA(£ 41/67 1 RCVD AT 3/31/2005 4:58:49 PM [Eastern Standard Tune] * SYRiU^TO-ff XRF-1/6 ' ONIS:8729305 1 CS(D:7814019966 * DURATION (mnws):23-56 



03/31/2005 17:49 7814019966 



DCM LLP 



PAGE 42/67 



25 



EP 1 432 032 A2 



26 



[01 48] Thus . the second device f ormati ve layer 1 1 03 
including a light-emitting device is stacked over the first 
device formative layer 1102 Including a CPU. and these 
two layers are connected each other by the electrode 
pad 1119 using the connection wire 1104. then, these 
two layers are encapsulated by a resin 1120. In addition, 
a material for the resin 11 24, a thermosetting resin or a 
thermoplastic resin can be used. Specifically, a mold 
resin such as an epoxy resin, asHfcon resin, a PPS resin 
(polyphenytene sulfide resin), or the like can be used. 
[0149] Though not shown in the figure, wirings that 
are connected to the first device formative layer 1102 
and the second device formative layer 1103 are provid- 
ed with the thermal conductive substrate 1 1 01Jn addi- 
tion, the thermal conductive substrate can connect to 
the outside via a solder ball 1121 wnich Is connected to 
the wiring. 

Embodiment 7 

[0150] Embodiments of the present invention will be 
described with reference to Figs. 12A to 13D. Hereinaf- 
ter, a method for fabricating simultaneously an n-chan- 
nol TFT and a p-channel TFT over one substrate wifi be 
described in detail. 

[01 51 ] A quartz substrate, a semiconductor substrate, 
a ceramic substrate, a metal substrate, or the like, may 
be used as a substrate 1200. In this embodiment, a 
glass substrate (#1 737) is used for the substrate 1 200. 
First* a silicon oxynttride layer is fabricated to have a 
thickness of loonm over the substrate 1200 by PCVD 
as a nfrrfde layer 1201 . 

[0152] Subsequently, a tungsten layer is fabricated to 
have a thickness of 50nm by sputtering as a metal layer 
1202, and a silicon oxide layer is fabricated to have a 
thickness of 200nm continuously by sputtering as an ox- 
ide layer 1203 without being exposed to the atmos- 
phere. The sfficon oxide layer is fabricated under the 
condition, that Is, using a RF sputtering device; using a 
sif con target (diameter Is 30.5); flowing a heated argon 
gas at a flow rate of 20sccm for heating the substrate; 
setting the substrate temperature at 270*C: the pres- 
sure of film formation of 0.4Pa; the electric power of 
3kW; and argon flow rate/oxygen flow rate = lOsccm/ 
sosocm. 

[0153] Subsequently, the tungsten layer at periphery 
or edges of the substrate is removed by Og ashing. 
[0154] Next, a silicon oxynttride film fabricated of SiH, 
and N^O as material gases (composition ratio: Sl=32%, 
0=59%. N=7%, H-2%) is stacked as a base insulating 
film 1204 to have a thickness of 100nm at deposition 
temperature of 300°C by plasma CVD. Further, a sem- 
iconductor layer having an amorphous configuration 
(here, an amorphous silicon film) is fabricated to have 
a thickness of S4nm without exposure to the atmos- 
phere using SIH* as deposition gas and at deposition 
temperature of 300*C by plasma CVD. This amorphous 
silcon Him contains hydrogen, the hydrogen will be dif- 



fused by a subsequent heat treatment, and the amor- 
phous silicon film can be separated by splittlng-off the 
oxide layer or the interface of the oxide layer by a phys- 
ical means. 

5 [0155] Then, nickel acetate salt solution containing 
nickel of 10ppm In weight is coated using a spinner. In- 
stead of the coating, a method for spraying nickel ele- 
ments to the entire surface by sputtering may also be 
used. Then, heat treatment Is carried out forcrystalllza- 
10 tion to fabricate a semiconductor him having a crystal- 
fine configuration (here, a polysllloon layer is fabricat- 
ed). Here, after carrying out the heat treatment (500°C 
lor 1 hour) for dehydrogenatlon. and the heat treatment 
(550*Cfor4 hours) for crystallization is carried out and 
?5 then, a silicon film having a crystalline configuration Is 
fabricated. Also, the heat treatment (500°C for 1 hour) 
for dehydrogenatlon serves as diffusing the hydrogen 
contained In the amorphous silicon layer Imo an Inter- 
face between the tungsten film and silicon oxide layer. 
20 Also note that, although a crystallization technique using 
nickel as a metal element that promotes crystallization 
of silicon is used here, other known crystallization tech- 
niques, for example, a solid-phase growth method ore 
laser crystallization method, may be used. 
25 [01 651 NdX ^ after the oxide film on the surface of the 
silicon film having a crystalline configuration is removed 
by dilute hydrofluoric acid or the like, laser beam (XeCI: 
wavelength of 308nm) Is irradiated for raising a crystal- 
lization rate and repairing defects remaining In crystal 
30 grains In the atmosphere or in the presence of oxygen * 
Exclmer laser beam with a wavelength of at most 
400nm, or second harmonic wave or third harmonic 
wave of a YAG laser is used as the laser beam, in any 
case, pulse laser beam with a repetition frequency of 
33 approximately from 1 0 to 1 0QOHz Is used, the pulse la- 
ser beam is co ndensed to from 1 00 to 500mJ/cm 2 by an 
optical system, and irradiation is performed with an 
overlap ratio of from 90 to 05%. whereby the silicon film 
surface may be scanned. Here, laser beam Is irradiated 
40 in the atmosphere with a repetition frequency of 30Hz 
and energy density of 470 mJ/cm z . 
[0157] Note that an oxide film is fabricated over the 
surtax since laserbeam is irradiated in the atmosphere 
or in the presence of oxygen. Though an example of us- 
45 ing the pulse laser Is shown here, the continuous oscil- 
lation laser may also be used. When a crystallization of 
an amorphous semiconductor film Is carried out, ft is 
preferable that the second harmonic through the fourth 
harmonic of basic waves are applied by using the solid 
so state laser which is capable of continuous oscillation in 
order to obtain a crystal In large grain size. Typically, it 
is preferable that the second harmonic (wfth a thickness 
of 532 nm) or the third harmonic (with a thickness of 
3S5nm) of an N* YV0 4 laser (basic wave of 1064nm) 
55 may be applied. Specifically, laser beams emitted from 
the continuous oscillation type YVQ 4 laser with 10W out- 
put Is converted Into a harmonic by using the non-linear 
optical elements. Also , a method for emitting a harmonic 
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by applying crystal of YV0 4 and the norHlnear optical 
elements into a resonator can be applied. Then, more 
preferably, the laser beams are formed to have a rec- 
tangular shape or an elliptical shape by an optical sys- 
tem and a substance is exposed to the laser beam. At s 
this thrie, the energy density of approximately from 0 .01 
to 100MW/cm2 (preferably, from 0.1 to 10MW/cm*) is 
required. The semiconductor film is moved at approxi- 
mately from 10 to 200Ocmfe rate relatively correspond- 
ing to the laser beams so as to be exposed to the laser 10 
beam. 

[0158] In addition to the oxide Aim fabricated by this 
laser beam irradiation, a barrier layer te fabricated of the 
oxide film by treating the surface of the oxide film with 
ozone water for 1 20 seconds to have a thickness of from « 
1 to 5nm in total. Though the barrier layer is fabricated 
by using ozone water here, another method such as ul- 
traviolet lightjrraoiatlon In the presence of oxygen or ox- 
ide plasma treatment for oxidizing the surface or the 
semiconductor film having the crystal structure may be so 
used. In addition, as another method for fabricating the 
barrier layer, an oxide film having a thickness of approx- 
imately from 1 to I0nm may be deposited by plasma 
CVD, sputtering, vapor deposition, or the like. Further, 
prior to fabricating the barrier layer, the oxide film febri- & 
cated by laser beam irradiation may be removed. 
[0159] Over the barrier layer, an amorphous silicon 
film containing argon elements, which serve as a get- 
taring site, te fabricated by sputtering to have a thickness 
of from 1 0 to 400nm. here, 1 OOnm. In this embodiment, so 
an amorphous silicon film containing argon is formed 
under the atmosphere containing argon with using a sil- 
icon target In case of fabricating an amorphous silicon 
film containing argon elements by plasma CVD, it is 
formed under the condition, that is, a flow ratio of morv 35 
osilane to argon is controlled to be 1/99; a pressure dur- 
ing deposition to be 6S5Pa (0.05 Torr); a RF power 
density during deposition to be O.oeTW/cm*; and a dep- 
osition temperature to be 350*0. 

[0160] Then, an oven heated at 650*0 Is used for heat 40 
treatment for 3 minutes for gettering to lower the nickel 
concentration in the semiconductor film having a crystal 
structure. A lamp annealing apparatus may be used in- 
stead of the oven. 

[0161] Subsequently, the amorphous silicon film con- <w 
talnlng argon elements, which serve as a gettering site, 
is selectively removed using the barrier layer as an etch- 
ing stopper, and then, the barrier layer is selectively re- 
moved by dilute hydrofluoric acid. Note that there is a 
tendency that nickel moves toward a region with a high so 
oxygen concentration during gettering, and thus. It ts de- 
sirable thai the barrier layer fabricated of the oxide film 
is removed after gettering. 

[01 62] Then , after a thin oxide film Is fabricated by us- 
ing ozone water on the surface of the obtained silicon ss 
Aim having a crystal structure (also referred to as a poty- 
sillcon film), and a mask formed of resist is formed, then 
island-like semiconductor layers 1205 and 1208 Isolat- 



ed in island shapes are fabricated by etching to have 
desired shapes. After fabricating the semiconductor lay- 
ers 1205 and 1206. the mask formed if resist is re- 
moved. 

[0163] Through the above processes, a nitride layer 
1201, a metal layer 1202, an oxide layer 1203, and a 
base Insulating film 1204 are fabricated >n a substrate 
1200. and a semiconductor film having a crystal struc- 
ture is fabricated, then, semiconductor lexers 1205 and 
1 206 isolated in Island shapes are fabricated by etching 
to have desired shapes. 

[01 64] Then, the oxide film is removed with the etch- 
ant containing hydrofluoric acid, and at the same time, 
the surface of the silicon film Is cleaned. (Thereafter, an 
insulating film containing silicon as Irs main compo- 
nents, which serves as a gate insulating film 1207, is 
fabricated. In this embodiment, a silicon bxynltride fHm 
(composition ratio: Si=32%, 0=69%. N=jr%, H=2%) is 
fabricated with a Ihtekness of 115nm byj plasma CVD 
(Fig. 12B). 

[0165] Next, a first conductive film 50B with a thick- 
ness of from 20 to 100nm and a second conductive film 
1209 with a thickness of from 100 to 400njn are stacked 
over the gate insulating film 1207. In this] embodiment, 
tantalum nitride film with a th ickness of 50nm and a tung- 
sten firm with a thickness of 370nm ari sequentially 
stacked over the gate insulating film 120*, 
[01 £6] As a conductive material for fabricating the first 
conductive film 1206 and the second conductive film 
1209, an element selected from the groufl consisting of 
Ta. W. Ti. Mo, Al and Cu, or an alloy material or a com- 
pound material containing the above elements as Its 
main components is used. Further, as a first conductive 
film 120S and a second conductive film 4209, a semi- 
conductor film as typified by a porycrysial silicon film 
added with an Impurity element such as phosphorous, 
or an AgPdCu alloy may be used. Further, the present 
invention is not limited to a two-layer structure. For ex- 
ample, a three-layer structure may be adopted In which 
a tungsten film having a thickness of SOnrfi, an alloy film 
of aluminum and silicon (AI-SI) having A thickness of 
500nm. and a titanium nitride film having k thickness of 
30nm ere sequentially stacked. Moreover, in case of a 
three-layer structure, tungsten nitride may be used In- 
stead of tungsten of the first conductive | film, an alloy 
firm of aluminum and titanium (AKTI) maV be used In- 
stead of the alloy film of aluminum and silicon (Al-Si) of 
the second conductive film, and a titan lurn film may be 
used instead of the titanium nitride film of Ithe thfrd con- 
ductivefHm. In addition, a single layerstructun 
be adopted. 

[0167] Next, resist masks 1210. 1211 afe formed in a 
light exposure process as shown In Flg.|12C. Then, a 
first etching treatment is earned out fori forming gate 
electrodes and wirings. The first etching treatment Is 
carried out under first and second etching conditions. 
ICP (inductively coupled plasma) etching is preferably 
used. The films can be etched to have Ideslred taper 



j re may also 
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shapes by using ICP etching And suitably adjusting the 
etching conditions such as the amount of power applied 
to a colled electrode, the amount of power applied to an 
electrode on the substrata side, the temperature of the 
electrode on the substrate side, etc. As etching gas, 
chlorine-based gas as typified by Cl 2 , BCI 3 . SiCU. or 
CCU, fluorine-based gas as typified by CF 4 , SF fl , or N F 3 , 
or 0 2 can be appropriately used. 
[0168] In this embodiment, RF (13.56MHz) power of 
150W is applied also to the substrate (sample stage) to 
substantially apply a negative self-bias voltage. The 
electrode area to the substrate side is 1 2.5cm x 
12.5cm, and the coll-shape electrode area (quartz disc 
formed coll is described here) is 25cm diameter disc 
The W film Is etched so as to form the edge portions of 
the first conductive layer in a taper shape under the first 
etching conditions. An etching rate to W is 200,39nm/ 
mln, an etching rate to TaN Is 80.32nm/min, and the se- 
lective etching ratio of W to TaN is approximately 2.5 
under the first etching conditions. Further, a taper angle 
of W becomes approximately 26* under the first etching 
conditions. Thereafter, the first etching conditions are 
changed to the second etching conditions without re- 
moving the masks 1210, 1211 formed of resist. CF 4 and 
Cfe are used as etching gases, the flow rate of the gas 
issettoSOttOsccm, and RF (1356MHz) power of 5O0W 
Is applied to a coil-shape electrode with a pressure of 
1 Pa to generate plasma, thereby performing etching for 
about 30 seconds. RF (1 3.56 MHz) power of 20W is also 
applied to the substrate side (sample stage) to substan- 
tially apply a negative self-bias voltage. Both the W film 
and the TaN film are etched at the same level under the 
second etching conditions in which CF 4 and && are 
mixed. An etching rate to W is 56.97nnVmln, and an 
etching rate to TaN is 66.43nnVmln under the second 
etching conditions. Note that an etching time may be in- 
creased approximately tof rem 1 Oto 20% in order to etch 
without leaving residue ever the gate Insulating film. 
[0169] In the first etching treatment as described 
above, the shape of the mask formed of resist is formed 
into an appropriate shape whereby each the edge por- 
tion of the first conductive layer and the edge portion of 
the second conductive layer is fabricated to have a ta- 
pered Shape due to the effect of bias voltage applied to 
the substrate side. The angle of the tapered portion may 
be set ranging from 15 to 45°. 

[0170] Thus, first shape conductive layers 1212 and 
1213 composed of the first conductive layer and the sec- 
ond conductive layer (first conductive layers 1 21 2a and 
1213a and second conductive layers 1212} and 121 3b) 
are fabricated by the first etching treatment as shown in 
Fig, 12C. According to this, the insulating film 1207 that 
Is not covered by the first shape conductive layers 1212 
and 1213 is etched by approximately from 1 0 to 20nm 
to bo thin and fabricated Into a gate insulating film 1 207. 
[0171] Next, a second etching treatment is carried out 
for 25 seconds without removing the masks formed of 
resist under the conditions, mat Is, SF 6 . Gig and Og are 



used as etching gas; the flow rate of the g?is is set to 
24/12/24socnv, and RF (13.56MH2) power of 700W Is 
applied to a coil-shape electrode with pressure of 1 .3Pa 
to generate plasma. RF (13.56MHz) power of 10W is 

5 also applied to the substrate side (sample stage) to sub- 
stantially apply a negative self-bias voltage. In the sec- 
ond etching treatment, an etching rate to W is 227.3nnV 
mln, an etching rate to TaN is 32.1nrrvrnin, a selection 
ratio of W to TaN Is 7.1 , an etching rate to SiON, which 

10 serves as the Insulating Aim 1211 , is 33.7nnVmln, and 
a selection ration of W to SiON is 6,63. In case where 
SF 6 is used as an etching gas, the selection ratio with 
respect to the Insulating film 1211 is high as described 
above. Thus, reduction In the film thickness can besup- 

15 pressed. In this embodiment, the film thickness of the 
insulating film 1207 Is reduced by only approximately 
8nm. 

(01 72] Through the second etching treatment, the ta- 
per angle of W can be formed into 70°. Through the sec- 

20 ond etching treatment, second conductive layers 1 21 4b 
and 1215b are fabricated. On the other hand, the first 
conductive layers 1212a and 1213a are hardly etched 
and fabricated into first conductive layers 1 21 4a. 1 2 1 5a. 
Note that the first conductive layers 1 21 4a, 121 5a have 

2* substantially the same sizes as those of the first con- 
ductive layers 1212a, I2t3a. In actuality, the width of 
the first conductive layer may be reduced by approxi- 
mately 0.3pm, namely, approximately 0.6}im in total, in 
comparison with the first conductive layer prior to being 

30 appTied with the second etching treatment. There Is al- 
most no change in size of the first conductive layer. 
Thus, second shape conductive layers 1214 and 1215 
composed of the first conductive layer and the second 
conductive layer (first conductive layers 1214a and 

33 1 21 5a and second conductive layers 1 21 4b and 1 21 5b) 
are fabricated. 

(0173] Further, instead of the two-layer structure, in 
case that the three-layer structure Is adopted in which 
a tungsten film with a thickness of 50nm, an alloy film of 

40 aluminum and silicon (Al-SI) wfth a thickness of 500nm, 
and a titanium nitride film with a thickness of 30nm are 
sequentially stacked, the first etching treatment may be 
carried out for 11 7 seconds under the conditions, that 
Is, BCI 5 , CI2 and O z are used as raw material gases; the 

49 flow rate of the gases are set to 65/10/5 ($ccm); RF 
(13.56MHz) power of 300W Is applied to the substrate 
side (sample stage); and RF (1 3.66MHz) power of 
4 BOW Is applied to a coil-shape electrode with a pres- 
sure of 1.2 Pa to generate plasma. As to the second 

so etching conditions in the first etching treatment, that is, 
CF 4 , Cl 2 and Ojj are used; the flow rage of the gases Is 
set to 25/26/1 Osccm; RF (13.56MHz) power of 20VV te 
also applied to the substrate side (sample stage); and 
RF (13.56MHz) power of 500W is applied to a coil-shape 

55 electrode with a pressure of 1 Pa to generate plasma. 
The first etching treatment may be carried out for ap- 
proximately 30 seconds under the second etching con- 
ditions. The second etching treatment may be carried 
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out under the conditions , that is, 8CI 3 and Cl 2 are used; 
the flow rate of the gases are set to 20/6osccm; RF 
(13.56MHz) power of 100W is applied to the substrate 
side (sample stage); and RF (13.56MHz) power of 
600W Is applied to a coil-shape electrode with a pres- 
sure of 1 .2 Pa to generate plasma. 
[0174] Next, the masks formed of resist are removed, 
and a first doping process is carried out to obtain the 
state of Fig. 13A. The doping process may be carried 
out by ion doping or Ion Implantation. Ion doping is car- 
ried out under the conditions of a dosage of 1.5 x 10 14 
atoms/cm 2 and an accelerating voltage of from 60 to 
1 0OkV. As an impurity element imparting n-type conduc- 
tivity, phosphorous (P) or arsenic (As) Is typically used. 
In such a case, second shape conductive layers 1214, 
1215 serve as masks against the impurity elements im- 
parting n-type conductivity, and first impurity regions 
1218, 1217 are formed In a self-aligning manner. The 
impurity element imparting n-type conductivity i3 added 
to the first impurity regions 1216, 1217 In a concentra- 
tion range of from 1 x 10 te to 1 x 10"fcm*. Here, the 
region having the eame concentration range as the first 
impurity region Is also referred to as an nr region. 
[0175] Note that although the first doping process is 
carried out after removing the macks formed of resist in 
this embodiment, the first doping process may be car- 
ried out without removing the masks formed of resist. 
[0178] Subsequently, as shown in Fig. 13B, a mask 
1218 formed of resist is formed, and a second doping 
process Is earned out The mask 1 21 8 protects a chan- 
nel forming region and the periphery thereof of a semi- 
conductor layer forming p-channel TFTs. 
[0177] The second doping process of phosphorous 
(P) Is carried out under the conditions, that Is, a dosage 
of 1 J5 x 1 0 1 5 atoms/cm 2 , and an accelerating voltage of 
60 to 100W. Here, impurity regions are formed In the 
respective semiconductor layers in a serf-aligning man- 
ner with the second conductive layers 1214b, 1215b as 
masks. Of course, phosphorous Is not added to the re- 
gions covered by the mask 1 218. Thus, second Impurity 
region 1219 and a third Impurity region 1220 are formed. 
The impurity elements imparting n-type conductivity are 
added to the second impurity region 1219 In a concen- 
tration range of 1 x ID 20 to 1 X 1&Vcrrfi. Here, the 
region having the same concentration range as the sec- 
ond impurity region Is also referred to as an n+ region. 
[01 7d] Further, the third impurity region 1220 is 
formed to have a lower concentration than thai in the 
second impurity region 121 9 by influence of the first con- 
ductive layer 1215a, and is added with the impurity ele- 
ments Imparting n-type conductivity In a concentration 
range of 1 x iota to 1 x 1 0^/cm^. Note that the third 
impurity region 1 220 is doped via the tapered portion of 
the first conductive layer so that the third Impurity region 
1220 produces the concentration gradient In which the 
impurity concentration becomes higher toward the edge 
portion of the tapered portion. Here, the region having 
the same concentration range as that of the third impu- 



rity region is referred to as an nr region. 
[0179] Next, after the mask 1218 formed of resist is 
removed, mask 1221 formed of resist Is newfy formed, 
and a third doping process is carried out as shown in 
5 Fig, 13C. 

[0180] The above-described third doping process Is 
carried out, and fourth Impurity region 1222 and fifth Im- 
purity region 1 223 are formed in which an Impurity ele- 
ments imparting p-type conductivity are added to the 

10 semiconductor layer. 

[0161] Further, the Impurity element imparting p-type 
conductivity is added to the fourth impurity region 1222 
in a concentration range of from 1 x 10 20 to 1 x 10*V 
cm 3 . Note that, in the fourth Impurity region 1222 and 

is the fifth impurity region 1 223, phosphorous (P) has been 
added in the preceding step (n~ region), but the Impurity 
element imparting p-type conductivity is added more 
than 10 times the concentration of phosphorous. Thus, 
the fourth impurity region 1222 has p-type conductivity. 

20 Here, the region having the same concentration range 
as the fourth Impurity region 1222 is also referred to as 
ap* region. 

[01 82] Further, fifth impurity region 1223 is formed in 
regions overlapping the tapered portion of the first con- 

2s ductlve layer 1 21 5a, and is added with the impurity ele- 
ment imparting p-type conductivity In a concentration 
range of from 1 x 10 18 to1 x 1O20/em 3 . Here, the region 
having the same concentration range as the fifth impu- 
rity region 1223 is also referred to as a p* region. 

30 [01 83] Through the above-described process, the Im- 
purity regions having n-type or p-type conductivity are 
formed in the respective semiconductor layers. The con- 
ductive layers 1214, 1215 become gate electrodes of 
TFTs. 

35 [0184] Next, an Insulating film 1224 that covers sub- 
stantially the entire surface is fabricated. In this embod- 
iment, a silicon oxide film fs fabricated to have a thick- 
ness of 50nm by plasma CVO. Of course, the insulating 
Him is not limited to a silicon oxide film, and other tnsu- 

^0 latin g films containing silicon may be used In a single 
layer or a lamination structure. 
[0185] Then, the process of activation treatment for 
the impurity element added to the respective semicon- 
ductor layers Is carried out. in this activation process, a 

45 rapid thermal annealing (RTA) method using a lamp light 
source, a method for irradiating light emitted from a YAG 
laser or an excimer laser from the back surface, heat 
treatment using a furnace, or a combination thereof is 
employed. 

so [0108] Further, although an example in which the in- 
sulating film is fabricated before the activation b de- 
scribed in this embodiment, the Insulating film may be 
fabricated after the activation te carried out. 
[01 87] Next, a first Intertayer insulating film 1 225 f ab- 

55 rtcated of a silicon nitride film Is fabricated, and heat- 
treated at the temperature of from 3QO to 500°C for 1 to 
1 2 hours, then, the process of hydrogen at ion of the sem- 
iconductor layers is carried out. The hydroge nation is 
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carried out for terminating dangling bonds of the semi- 
conductor layers by hydrogen contained in the first in- 
tertayer insulating film 1225. The semiconductor layers 
can be hydrogenated irrespective of the existence of an 
insulating film 1224 fabricated of a silicon oxide Mm. in- 
cidentally, in this embodiment, a material containing alu- 
minum as its main components is used for the second 
conductive layer, and thus, it is Important that hydrogen- 
ation is carried out under the conditions of heat treat- 
ment that the second conductive layer can withstand. 
As another means for hydrogenaiion, plasma hydrogen- 
ation (using hydrogen excited by plasma) may be adopt- 
ed. 

[0188) Next, a second interiayer insulating film 1226 
fabricated of an organic insulating material is fabricated 
over the first intertayer Insulating film 1225. In this em- 
bodiment, an acrylic resin film with a thickness of 1 .Gu/n 
is fabricated. Then : contact holes that reach the respec- 
tive impurity regions are formed, in this embodiment, a 
plurality of etching treatments is sequentially carried out, 
in this embodiment, the second interiayer insulting film 
1226 is etched with the first Interiayer insulating film 
1 225 as the etching stopper, and the first interiayer in* 
sulat*gfMm 1225 is etched with the insulating film 1224 
as the otehmg stopper, and then, the insulating film 1 224 
is etcnod 

[0189] Thereafter, wirings 1227 to 1230 are Tormed by 
using Ai Ti Mn W or the like. 

[0190] Acco-ding to this, an n-channel TFT 1301 and 
a p-chanrtel TFT 1302 are formed over one substrate 
(Fig 13D) 

[01 91 1 Punnet a CMOS circuit can be formed by con- 
necting ihe n<rwtncl TFT 1 301 and the p-channel TFT 
1302 to fvivc a complementary structure. 
[0192] in c*iso of using a TFT that has the structure 
described m embodiment in which the gate elec- 
trode and a prtrt ol an impurity region are overlapped 
with cacti o:ncr (GOLD structure), parasitic capacitance 
is increased due to the thin gate insulating film, however, 
if the parasite capacitance is reduced by reducing the 
size of lie pan of the taper portion of a gate electrode 
(a first conductive layer), the frequency characteristics 
are improved, and higher speed operation and sufficient 
reliable tft can be realized. 

[0193] As described above, the process that is de- 
scribed m mis embodiment mode of the present inven- 
tion is carried out after the n*channel TFT 1301 and a 
p-channel TFT 1 302 are formed over the su bstrate 1 200 
so that a semiconductor apparatus according to the 
present invention that has a structure in which a device 
formative layer Including these TFTs covered by a f hior- 
oplastic film can bo manufactured. 
[01 94] The device formotiva layer including TFT fab- 
ricated according to this embodiment has a thickness at 
most SOjxm. 



Embodiment 8 

[01 SB] The state that th e semiconductor chip accord- 
ing to the present invention is incorporated Into a module 
s and actually into an electric appliance will be described 
with reference to Fig. 14 using a cellular phone as an 
example. 

[01 S6] The module of a cellular phone shown in Fig. 
1 4 Is composed of a printed wiring board 1406 on which 

to a controller 1 401 , a CPU 1402, a memory 1 41 1 f a power 
source circuit 1403, a speech processing circuit 1429, 
a transmitter-receiver circuit 1 404, and a device such as 
a resister, a buffer, a capacitance device, or the like, are 
mounted. Though not shown, a panel is mounted on the 

is printed wiring beard 1 406 by a FPC, 

[0197] various signals are Inputted from a power 
source voltage, a keyboard, or the like Into the printed 
wiring board 1406 via an interface (l/F) 1409 provided 
with a plurality of input terminals, which te used Tor a 

20 printed wiring board. A port for an antenna 1410 for 
transmitting and receiving signals to and from an anten- 
na is provided for the printed wiring board 1 406. 
[0198] The memory 1411 Includes a VRAM, a DRAM, 
a flush memory, or the like. An image date for displaying 

as a panel is stored In th© VRAM, an image data or a vote© 
data is stored in the DRAM, and various programs are 
stored in the flush memory. 

[0199] Power supply voltage for the controller 1401 . 

the CPU 1402, the speech processing circuit 1429, the 
50 memory 1411* and the transmitter-receiver circuit 1404 

is generated in the power source circuit 1 403. According 

to the specification of a panel, a current source may be 

provided for the power source circuit 1 403. 

[0200] The structure of the CPU 1 402 Is described in 
35 Embodiment 4, and will not be further explained. The 

CPU transmit a signal including various instructions into 

the memory 141 1 , the transmltter-recerver circuit 1404. 

"the speech processing circuit 1429, and the controller 

1401. 

40 [0201] The memory 1411, the trwismrtter-recefver cir- 
cuit 1404, the speech processing circuit 1429, and the 
controller 1401 perform each operation by an instruc- 
tion. Eacn the operation will be described hereinafter. 
[Q202] The signal Inputted from a keyboard is trans- 

45 mrtted into the CPU 1402 mounted over the printed wir- 
ing board 1406 via the Interface 1409. In the CPU 1402, 
an image date stored in the VRAM is converted Into a 
prescribed format In accordance with the signal trans- 
mitted from a keyboard and send to the controller 1401 . 

so [0203] The Image date send from the CPU 1 402 is da- 
ta-processed in accordance with the panel In the con- 
troller 1401 , and supplied to the panel. In adoption, the 
controller 1401 generates a Hsync signal, a Vsync sig- 
nal, a dock signal CLK. and a volts alternating current 

55 (AC Cont) based on as power supply voltage Inputted 
from the power source circuit 1403 or various signals 
inputted from CPU I402,"end supply theses signals to 
the panel. 
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35 

[0204] In the transmtner-receiVGr circuit 1404, n sig- 
nal which is transmitted and received to and from an- 
tenna as an electric wave is processed, specifically, a 
high frequency circuit such as an isolator, a band pass 
filter, a VCO (Voltage Controlled Oscillator), an LPF 
(Low Pass Fitter), a coupler, and a balun are included, 
A signal among signals transmitted and received to and 
from the transmitter-receiver circuit 1404 is send to the 
speech processing circuit 1429 by an instruction of the 
CPU 1402. 

[0205) A signal send by the instruction of the CPU 
1402 is demodulated into a speech signal In the speech 
processing circuit 1429, and send to a speaker. A 
speech signal send from mike is modulated in the 
speech processing circuit 1429, and send to the trans- 
mitter-receiver circuit 1404 by an instruction of the CPU 
1402. 

[0205] The controller 1401 , the CPU 1402, the power 
source circuit 1403, the speech processing circuit 1429, 
and the memory 1411 can be mounted as the semicon- 
ductor chip according to the present Invention. The 
present invention can be applied to any circuit except 
the isolator, the band pass fitter, the VCO (Voltage Con- 
trolled Oscillator), an LPF (Low Pass Filter), the coupler, 
and the balun. 

Embodiment 9 

[0207] Various modules as shown in Embodiment 6 
can be completed by implementing the present inven- 
tion. Thus, various modules can be completed by Incor- 
porating these modules thereinto. 
[0208] Given as soma examples of electronic appli- 
ances are: a video camera, a digital camera, a head 
mounting display (a goggle type display), a car naviga- 
tion, a projector, a personal computer, a potable Infor- 
mation terminal (an apparatus that can reproduce re- 
cording medium such as a mobile computer, a cellular 
phone, a mobile game machine, an electronic notebook, 
etc. end that can display images of these recording me- 
diums), and the like. Figs. 15A to 15G show specific ex- 
ample of the electric appliances. 
[0209] Fig. 16A shows a display including a frame 
2001, a support 2002. a display screen unit 2003, a 
speaker 2004, a video Input terminal 2005, and the like. 
The semiconductor chip according to the present inven- 
tion can be used for a circuit unit or the like for displaying 
an image on the display. The display includes ell infor- 
mation display apparatus such as an apparatus for a 
personal computer, a TV broadcasting, an advertise- 
ment, or the like. 

[0210] Fig. 15B shows a laptop computer including a 
main body 2201 , a frame 2202, a display screen una 
2203. a keyboard 2204, an external connection port 
2205, a pointing mouse 2206, and the like. The semi- 
conductor chip according to the present invention can 
be used for a circuit unit or me like for driving the laptop 
computer. 



[0211 ] Fig. 1 5C shows a mobile computer including a 
main body 2301. a camera portion 2302* an operation 
switch 2303, a display screen unit 2304, an Infrared port 
2305. and the like. The semiconductor chip according 

5 to the present invention can be used for a circuit unit or 
the like for driving the mobile computer. 
[0212] Rg. 1 5D shows a player using a record medi- 
um recorded with programs (hereinafter, a record medi- 
um) including a main body 2401 , a frame 2402, a display 

10 screen unit A 2403, a display screen unit B 2404, a read- 
in unit 2405, operation keys 2406, a speaker unit 2407, 
and the rike. The player uses DVD (Digital Versatile 
Disc), CD or the like as a record medium and can enjoy 
music, enjoy movie and cany out game or Internet. 
[0213] Fig. 15E shows a portable book (electronic 
book) including a main body 2501 , display portion 2502, 
a record medium 2503, an operation switch 2504, an 
antenna 2505, and the like. Trie semiconductor chip ac- 
cording to the present invention can be used for a circuit 

so unit or the like for operating the ponable book. 

[0214] Rg. 1SF shows a video camera including a 
main body 2601, a display screen unit 2602, a frame 
2603, an external connection port 2604, a remote con- 
trol receiving portion 2605, an image receiving portion 

25 2606, a voice Input portion 2608, operation switches 
2609, an eye piece portion 2610, and the like. The sem- 
iconductor chip according to the present Invention can 
be used for a circuit unit or the like for operating the video 
camera. 

30 (0215] Fig. 15G shows a cellular phone Including a 
main body 2701 , a frame 2702, a display screen unit 
2703, a sound Input portion 2704, a sound output portion 
2705, an operation key 2706, an external connection 
port 2707, an antenna 2708, and the like. The semlcon- 

35 ductor chip according to the present invention can be 
used for a circuit unit or the like for operating the cellular 
phone. 

[0216] As has been described, the range ol applying 
the nght-emlttlng apparatus according to the present in- 

40 vention is extremely wide and the semiconductor appa- 
ratus according to the present invention Is applicable to 
electric appliances of ell the fields. 
[P217] By Implementing the present invention, a sem- 
iconductor chip which is integrated by stacking a plurel- 

« fty of device formative layer with at most 50u.m can be 
provided. Moreover, device destruction due to heat or 
the like which is occurred in case thai the semiconductor 
chip is formed Into e thin film can be prevented by using 
a material having great thermal conductive property for 

so e substrate to which a device formative layer b trans- 
ferred and an interface on which a device formative layer 
is stacked. 



55 Claims 

1 . A semiconductor chip comprising: 
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a first device formative layer with a thickness of 
at most 50um provided over a thermal conduc- 
tive substrate via a first adhesive layer: 
a thermal conductive film formed on the first de- 
vice formative layer; and 
a Gecond devlca formative layer with a thick- 
ness of at most SOum formed over the thermal 
conductive film via a second adhesive layer. 

2. The semiconductor chip according to Claim 1, 
wherein the first device formative layerand the sec- 
ond device f ormatrve layer have thicknesses of from 
0.1 to 10um. 

3. The semiconductor chip according to Ctatm 1. 
wherein the thermal conductive substrate is formed 
of one of a ceramic material containing aluminum 
oxide, aluminum nitride, aluminum nitride oxide, or 
silicon nitride as Its main components, and a graph- 
ite material containing carbon as Its main compo- 
nents. 

4. The semiconductor chip according to Claim 1, 
wherein the thermal conductive film comprises at 
least one selected from the group consisting of alu- 
minum hitrfdo, aluminum nitride oxide, boron phos- 
phide, boron nitride, and diamond like carbon. 

5. The semiconductor chip according to Claim 1, 
wherei n at least one of the first device formative lay- 
er and the second device formative layer comprises 
at least one selected from the group consisting of a 
TFT, a CPU Including TFTs, an MPU, a memory and 
a light-emitting apparatus. 

6. An electric device having the semiconductor chip 
according to claim *1 . 

7. The electric device according to claim 8, wherein 
the electric device Is one selected from the group 
consisting of a video camera, a digital camera, a 
head mounting display, a car navigation, a projec- 
tor, a personal computer and a potable information 
terminal. 

e, A semiconductor chip comprising: 

a first device formative layer with a thickness of 
at most 50um provided over a thermal conduc- 
tive substrate via a first adhesive layer, 
a thermal conductive film formed on the first de- 
vice formative layer; and 
a second device formative layer with a thick- 
ness of at most SOum formed over the thermal 
conductive film via a second adhesive layer, 

wherein each of the first device formative lay- 
er and the second device formative layer is electri- 



cally connected to the thermal conductive substrate 
by a connection wire. 

9. The semiconductor chip according to Claim 8, 
5 wherein the flrsl device formative layer and the sec- 
ond device formative layer have thicknesses of from 
0.1 to 10>m. 

10. The semiconductor chip according to Claim 8, 
10 wherein the thermal conductive substrate is formed 

of one of a ceramic material containing aluminum 
oxide, aluminum nitride, aluminum nitride oxide, or 
silicon nitride as its main components, and a graph- 
ite material containing carbon as its main compo- 
15 nents. 

11. The semiconductor cntp according to Claim 8. 
wherein the thermal conductive film comprises at 
least one selected from the group consisting of alu- 

20 minum nitride, aluminum nitride oxide, boron phos- 
phide, boron nitride, and diamond like cartoon. 

12. The semiconductor chip according to Claim 8, 
wherein at least one of the first device formative lay- 

29 er and the second devtaef ormatrve layer comprises 
at least one selected from the group consisting of a 
TFT, a CPU Including TFTs, an MPU, a memory and 
a light-emitting apparatus. 

jo 13, An electric device having the semiconductor chip 
according to claim 8. 

14. The electric device according to claim 13, wherein 
the electric device Is one selected from the group 
35 consisting of a video camera, a digital camera, a 
head mounting display, a car navigation, a projec- 
tor, a personal computer and a potable Information 
terminal. 

4C 15. A semiconductor chip comprising: 

a first device formative layer with a thickness of 
at most 50um provided over a thermal conduc- 
tive substrate via a first adhesive layer, 
as a thermal conductive film formed on the first de- 

vice formative layer, and 
a second device formative layer with a thick- 
ness of at most 50um formed over the thermal 
conductive film via a second adhesive layer, 



so 



ss 



wherein a first semiconductor device Included 
In the first device formative layer and a second sem- 
iconductor device Included In the second device 
formative layer are electrically connected via the 
second adhesive layer by a first wiring included in 
the first device formative layer and an auxiliary wir- 
ing connected electrically to a second wiring includ- 
ed in the second formative layer. 



21 



PAGE 48/67 [' RCVp AT BUM 4:58:49 PM [Eastern Standard rone] * SVR;USPT0-EFXRF-1/6 * DWS:8729306 1 CSID:7814019966 1 DURATION (mm*s):23<56 



03/31/2085 17:49 7814019966 



DCM LLP 



PAGE 



39 



EP 1 432 032 A2 



40 



16. The semiconductor chip according to Claim 15. 
wherein the first device formative layer and the sec- 
ond device formative layer have thicknesses of from 
0.1 to lOjim. 

17. The semiconductor chip according to Claim 15, 
wherein the second adhesive layer contains an an- 
isotropic conductive material. 

16, The semiconductor chip according to Claim 15, 
wherein the thermal conductive substrate is formed 
of one of a ceramic material containing aluminum 
oxide, aluminum nitride, aluminum nitride oxide, or 
silicon nitride as its main components, and a graph- 
ite material containing carbon as Its main compo- 
nents. 

19. The semiconductor chip according to Claim 15, 
wherein the thermal conductive film comprises at 
least one selected from the group consisting of alu- 
minum nitride, aluminum nitride oxide, boron phos- 
phioc. ooron nitride, and diamond like carbon. 

20. The semiconductor chip according to Claim 15, 
whorom At ICASt one of the first device formative lay- 
er aid the second device formative layer com prises 
el leasi one selected from the group consisting of a 
TFT « CP J including TFTs, an MPU. a memory and 
a lighi -ommmg apparatus. 
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21. An electric device having the semiconductor chip 
accord ng to claim 15. 

22. The etoclfc device according to claim 21, wherein 
me electric device is one selected from the group 
consisting of a video camera, a digital camera, a 
head mounting display, a car navigation, a projec- 
tor a personal computer and a potable information 
terminal 

23. A method lor manufacturing a semiconductor chip 
having * plurality of device formative layers with 
thicknesses of at most 5Dujn over a thermal con- 
ductive substrate, comprising the steps of: 

fabricating a first device formative layer Includ- 
ing a plurality of thin film transistors over a first 
substrate; 

fabricating a soluble organic resin film over the 
first device formative layer; 
fabricating a first adhesive layer in contact with 
the first soluble organic resin film; 
bonding the second substrate to the first solu- 
ble organic resin film via the first adhesive layer, 
and sandwiching the first device formative layer 
and the first soluble organic resin film between 
the first substrate and the second substrate; 
separating and removing the first substrate 
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from the first device formative layer by a phys- 
- ical means; 
fabricating a second adhesive layer In contact 
with the thermal conductive substrate: 
bonding an exposed surface of the first device 
formative layer to the thermal conductive sub- 
strate via the second adhesive layer; 
separating the first adhesive layer and the sec- 
ond substrate from the first device formative 
layer; 

removing the first soluble organic resin film with 
solvent; 

fabricating a thin film having thermal conductiv- 
ity over an exposed surface; 
fabricating a second device formative layer in- 
cluding a plurality of thin ftfrn transistors over a 
third substrate; 

fabricating a second soluble organic resin film 
over the second device formative layer; 
fabricating a third adhesive layer in contact with 
the second soluble organic resin film; 
bonding the fourth substrate to the second sol- 
uble organic resin film via the third adhesive 
layer, and sandwiching the second device form- 
ative layer and the second soluble organic resin 
film between the third substrate and the fourth 
substrate; 

separating and removing the third substrate 
from the second device formative layer by a 
physical means; 

fabricating a fourth adhesive layer in contact 
with a thin film having thermal conductivity; and 
an exposed surface of the second device form- 
ative layer over the thin film having thermal con- 
ductivity via the fourth adhesive layer. 

24. The method for manufacturing the semiconductor 
chip according to Claim 23, wherein the third adhe- 
sive layer and the fourth substrate are separated 
form the second device formative layer, and the 
second soluble organic resin film Is remover with 
solvent. 

25. The method for manufacturing the semiconductor 
chip according to Claim 23, wnereln the thin film 
having thermal conductivity Is formed of a film of 
aluminum nitride, aluminum nitride oxide, boron 
phosphide, boron nitride, or diamond like carbon, or 
a lamination film of these films, each of which is 
formed by sputtering. 

26. The method for manufacturing the semiconductor 
chip according to Claim 23, either or both of the sec- 
ond adhesive layer and the fourth adhesive layer 
are formed by using an anisotropic adhesive, and 
the device formative layer is bonded via either or 
both of the second adhesive layer and the fourth 
adhesive layer by being irradiated with ultra waves . 
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